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Practical Paper-making. 


CHAPTER I. 

CHEMICAL AND PHYSICAL CHARACTERISTICS 
OF VARIOUS FIERES. 


As the chemical and physical characteristics vf th* 
materials from which the paj^ef-mtikcr draws his sur|»ly 
determiiip to a marked degree the quality of the fini^ed 
product, j thorough grasp of these chStacteristics is 
indispensable to all who aim at the production of t^ 
best possible results with th^minimum of cost 
The percentage of cellulose—or, to use a term inare 
^^dllji understood by paper-makers, the amount” of 
available paper-making material—varies with the plants 
from which it is obtained, and the tnaatment to which 
it\s subjected the process of freeing it from fts 
combftation with t^e •on-cellulose o{ non-av|ilable 
matcriafVitB wftch it is *o intimate^ bound up. 

• The chemical formula*for cellulose is C(,fiio 05 ,*^ich 
means that 6 equivalents of carbfln, lO of lijidrogej, 
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apd ^ tff oxygenunited together !o form the sUb- 
stanf-e knov. n Sy that uame. These proportions ai;e_ 
constant, though the physical characteristics may differ 
very widely, and it is of the first importance ftat great' 
care be taken, in the different processes through which 
the raw material must pass, that none of the chemicals 
employed have the effect of changing its nature by 
adding to or taking from its constituents, thus giving 
rise to serious,complications. , 

Cellulose which has been in contact with bleaching 
solption for a lengthened period, or even exposed to 
the action of air and light for any lengtii of time, will 
be found to^have lost much of its original strength and 
firmness, and’in addition to have acquired properties 
tciat 'upK wanting in its pure state. This change is 
due to the action of the atmospheric oxygen in entering 
into combination with the cellulose molecule to form 
what is technically known as the oxy-cellulose obtained 
by the action of a weak oxidising agent on cellulose. 

,, The oxy-cellulose baSi^the property of extracting 
baric colouring matters from their solutions and bein^ 
penodnently dyed by them, and further posses,ses «’ 
extraordinary affinity for vanadium compounds, uniting 
with them from solutions containirg infinitesimal pro- 
poi;tions. 

Pui^. cellulose 

A solution of citric hydrate in ammoni^ alSne acts 
on it, 'first qpusing it to swell up, and finally dissolving 
it. The yedetion with a solution of iodine in potassium 
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iodide is jnostly’ used for its dfct^4<ibn; but in Order 
r^endef it effective it is liecessar^^ t8 a 

dehydrating agent, suct^ as sulphuric acid, whai 
the characteristic deep blue of violet colour will be 
produced. j 

Before the cellulose can be made available for thej 
manufacture of paper, it must first be freed from its 
combination ^ith the non-cellulose constituents with 


^hich it is united to form the plant structure. 

Plan^ may be designated as an aggregation of fibres 
and celli bound together by gummy, resinous**nd' 
waxy substarites, which have a function similar to 
that performed by lime in cementing and rendering 
durable the stones or bricks of which a house is built; 
and as the stones, in order to be used in the building 
of another house, would first fiav^to be freed froijflie 
lime witfc which they were bound together in the pre¬ 
vious str^icture, similarly the fibres and*cells must be 
fpeed from all substances which, though indispensable 
to their existence in the plank life, would tend to impair* 
their value.as paper-making material. 

‘“••Cotton differs from the other plants in this, tiiat*by 
the natural process of ripening the fibres are so fiiped 


as to yield a pure otilulose, which |s Available wif^out 
tifc pr^Iiminarji treatmdht ^hich the compound celu- 
loses must und^g<k IhAe compound cellulo%ts are 
classed und^ the following heads: 

• (i) Peclo-crl/uloses,,so named because • they'^ield 
pectic acid on the l&eakinEr ud df their conhinatioa. 
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’I'be /fax plant ma'jiStie taken p typical ot the,celluloses 
coni^isyig (Siis'group. • 

(2) Ltgtio-cel/ii/oscs wliich owe the designation to 
their yielding non-cellu'ose or lignine as the. result of 
their disintegration. Jute is the typical cellulose of 
this group, in which are included all the different forms 
of woody tissue. 

(3) The third group exist in such a srrfdll proportion 
in paper-making materials, that, as o.'mparcd with thf 
preceding compound celluloses, they are of little im- < 
porOiihce. They arc known by the name adipo-^el/n/osrs, 
and are so termed because on reduction they yield acids 
analogous te those obtained by the reduction of fats 
and cork tissue. This group embraces the cuticular 
(Tssue sf such plants as straw, esparto, and cotton. 

Y^e problem, then* which presents itself to the prac¬ 
tical paper-maker for solution is not simply to*become 
acquainted witli the physical features of the <<ibres he 
dssires to use for the production of his paper, but tp 
arrive at the most economical method by which he can 
best secure the liberation of such fibres in the form 
moll suited tb his particular purpose, while preservir^* 
as ^r as possible the original strength. 

Sijch material* ^s rags and thread, which have 
lalrJady been subjected to i;ptthig, bo'iliug, and blejic^- 
ing by,the textile manufactinreis requir^ no very ^drastic 
treatment to ren(Jer them suitable to the «eeds of the 
pap^Hnake*, as they are already jn a more or less pure* 
stgte before coming tb his hands. 
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it is fqF this reason, caupjed wHh t^e ghysical^cfia^ 
racteristics of their fibres, that thfy are so mi*Si value^ 
by hitn.\ It will be readily understood that it is w«t^ 
such materials as esparto, str5w, and wood that thi 
chief difficulties in the way of extraoting the availably 
cellulose exist. 

In addition to the fact that esparto and straw havi 
been subjected to no previous disintegration, there ii 
another reason v^ich renders them lesS valuable as a 
paper-making material. In the process ol the budding 
up of their plant structure the fibro-vascular bundles, 
from which the available fibres are obtained, are scat¬ 
tered irregularly throughout the main pitss, and are 
more closely connected with the non-cellulose con¬ 
stituents than are the " bast” fibres ot flax, hemp, 
and jute, the fibre bundles or “ filaments ” of which 
form a*separate and cohesive tissue, ^and are 4hus 
more eadlly freed from the surrounding non-availabl^ 
material. 

Before taking up the difierent processes througn 
which the’materials are passed, in order to cett?er 
tRem Bt for the production of paper, a glance at the 
physical features of the various fibres will b^ ol 
n^terial assistanje* in enabling the paper-maktr to 
obtaig a knowledge of^the conditions best suited t^ 
their sgecestful OreStmeTit." 

The ultinftte fibres »f the cotton ^lant consist, » 
before stated, of pint cellulose, ^and on IxaminAid 
under the.microscope will appear as long,*flattenf 
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tilbes always ir.ortftor less jtwistcd upon tbcmselves. 
The^id«^.wdils are rough and granulated, whiih is ,moat, 
cosily seen when dry. They are strong and •flexible, 
and suited for the production of the finest qualities 
of paper, though, from the spongy nature of the fibre 
the finished sheet is less hard than that made from 
linen. When the tubular form of the fibres is' borne 
in mind, it^-ill be at once understood why*'the colouring 
/matter is so difficult to remove froi»i coloured cottoji 
rags. (See Plate I., Frontispiece, fig. i.) 

^en, the fibre of the flax plant, is, life: cotton, 
tubular, but the side walls are much thicker, the 
central canal is smaller, and, consequently, the fibre is 
harder and less spongy. (See Plate II., figs. 3 and 4.) 

* Papdrs made from linen rags are hard, strong, and 
firfii, to handle. Thb fibres obtained from ropes and 
tbagjS are mostly hemp, and are somewhat liSfe linen, 
!rt)ut much more coarse and harsh; as they ane seldom 
dcempletely freed from the incrusting matters thc(? 
arequire to be boiled with a larger percentage of caustic, 
t ^uty fibres are strong but very difficult to bleach 
1 white, and, indeed, if subjected to such treatnaent ss*^' 
twHJ. dissolve all the extraneous matter, and reduce 'to 
ultiipate fibres, tWeiif original strength is much impaired, 
al Manilla hemp yields stren^fibres, easily detaqhed, 
inut, lilfe jute; somewhat difficult tocblqi^ch white. (See 
tri'late 1 ., Frontispiece, fig. 2.) 

paiT^ie ultimate fibres of espariso are short, smootn, 
atjd tubular, but in^some places'* the centi^ canal is 
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cotnpleteljr hidden by the thickenif# of Ihe sideVaMs.* 
^See Plafe IV., fig. 7.^ 

Straw fibres are very similar in appearance to esparto, 
but they, are shorter and raqfe highly polished, thus 
tending to make their felting power much less, and 
rendering paper made from them very brittle. (See 
Plate IV., fig. 8.) 

Wood fibiKS vary with the different species fronj 
which they are«obtained and the methods used tq 
isolate^them. Pine wood is capable of yielding long, 
soft, trapsparent, flexible fibres, well suited to thftjjro- 
duction of staong well-felted papers. Ash and similar 
trees yield short, hard fibres, possessed*of no great 
felting properties. (See Plate III., fig.’s.) 
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CUTTING ‘■AND HOI/JNG OF AAGS.-JUTF 
'foiling and bleaching. 

Grading of Hags.—As the quality of the finished paper 
is dependent on the successful carrying out of the 
different processes through which the stock must pass, 
i^ is indispensable to the production of a uniform and 
sr.tF'factory result thrt tlic greatest care be taken in 
each ‘department to ensure the intelligent application 
of the principles on which each process depenc^. 

.Nowhere would a neglect of the requirement of each 
particular class be more than in the rag 

rofm, which may not inaptly be termed the jjirthplace 
•of the‘varied qualities of beautiful papers whig|i are,* 
met with in the market. 

Carelessness incthe regulations ff the standard of 
£ach‘particular gra^e of rags (.cannot fail to lead tS"* 
mischievous results, as in such fircqrastances the s^ock 
may at one time ^be above the usual qualify iSfended 
for th6 papgr made, and, at another, much inferior;* 
‘an^ yet w^h‘such manifest defects 'the paper produced 
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is ^xpectgd “ to oe equal to lajt, maKing in cvcty 
respect.”* 

The Qnly*remedy for such a slate of matters, which 
is not an uncommon one, is tl^t the official in charge 
of the department should insist that the cutters and 
sorters give the necessary attention to the strength 
and cleanliness recognised as the standard of eachj 
grade. If thfe be done consistently and ifltelligently,! 
it will soon make«itself known in the spoothness with' 
which 4he subsequent processes will go forward, and 
in unifoijnity in the purity, strength, and shade o'htht 
paper made which will far more than repay the extra 
time and care involved. 

Eag.eutting.—Though the rag-cutting machine ha^ 
been much improved of late yeifrs, it cannot b^^id 
to haveSsuperseded cutting by hand, especially foj the 
better qiplities of paper. 

As will be readily understood, the rags in being c«t 
by the machine come far lest under the supervision of 
the women whose duty it is to grade the djjferflit 
•qnalitisp used in the mill; and thi.s, together with*the 
fact that in the tearing and cutting on the machine 
much of the best ai the fibres is ^aiftaged, presejjts a 
^ious drawback lo its fdqption. 

'In cutting strong,coarte material, such as canitas and 
bagging* tbeje defects do not exist to 4he same extent, 
6nd, though they dii^, would be of less im^ortsqjce; 
consequently it is mdl'e suited to that class of^tock. 
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»Wfibft the rags run straight from the gutter iflto 
the Jjstij^g-macfiin^ as is often the case, the* carrying 
felt should be long enbugh to adniit of stafcdi^ room 
for sorters on either §ide, so that any ejjtraneous 
material, such as wool, silk, etc., which may have 
escaped detection when feeding in the rags, may be 
removed, and thus prevented from finding its way into 
the boilers and, it may be, into the finished paper. 

• 

Bag Boiliog.—The object in subjecting rags, cf other 
papfr-making material, to the process of bailing is 
that the reducing action of the water, mided by the 
temperature tand pressure employed, may break up 
the combinatiSn of the cellulose with non-available 
^bstanges. 

iSaustic soda is tht cflemical usually employed to 
render this action more thorough, and to entire the 
compete remoiaal of all the incrusting substances which 
bj^their presence fend to render the subsequent bleach¬ 
ing process much less effective, and to otherwise impair 
the> value of the material. 

' ' Rigs, which have already been subjected to ^ch » 
process before coming into the hands of the papes- 
maker, require ta be treated witb a much smaller 
«mount of caustic compare^, wSth such,raw materiall' 
'as espajto and straw. In thecas^of rags, the 
tioh of the soda ip to remove the size, which fs often 
appligcTto the fabric, together witl^ any dirt which may 
hage becbne’attached*to the interstices of the,materiaf 
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mils jougiey from the t^tile to*the r^^tone, 

snd^also'to destroy, as far*aS possible, ady ^ololring 
matter and T-endcr it more susceptible to the action of 
the bleaching solution. Caustic soda has, in addition, 
the effect of softening the fibres, thus rendering them 
more flexible. 

As the feel and look of a paper depend quite as, 
much on tho* elasticity and complete freedom from alll 
Ipcrusting matte* of the original fibrqs, as upon the! 
treatment they receive in the subsequent operations of 
breaking and beating, it becomes at once appljent’ 
that what at •first sight seems a very simplfe matter— 
namely, the determination of the amount of caustic 
soda most suitable for each material—is in reality a 
somewhat difficult problem, and one which cequire% 
much greater consideration thdn is usually giffeii 
to it. 

The physical nature and condition of %ome rags may 
be such as to render them quite iyert, and of little 
felting power, should they be boiled with the amount 
of caustic, necessary to the production of a ga«d 
lolour, when bleached. The wisdom of contibhing 
t# use such materials, even though obtained |t' a 
comparatively Iowa price, is, to ^ay the least,^very 
^e^tionable. 

Some ra^s, ^gain, avMch from the stamjard of 
cleanliness may not require a large piyiportion of ‘sodfi, 
will often be found ^o be greatly improved ^b^ \{8ing 
s little per hfindredweight^ especially when 
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‘fibres are harsh.SThe spft^^iing which isi^tiius od- 
tainell w^l fhake itself ^parent jn producing a close* ( 
and more evenly felted sheet,, 

Viith regard to the sconomy of using low quality 
rags for papers in which a good colour is in4ispens- 
able, it has been shown, as the result of very exhaustive 
experiments carried out by Messrs. Wurster and Zugler, 
that bleachal half-stuff from cheap rags ts in the end 
much more cos/Iy than that obtaineif from the better 
qualities, notwithstanding tlie great difference the 
pridi^ As much as 18 per cent, of loss was found in 
the boiling and washing of such materials? 

Some papfr-makers prefer to boil their stock with 
lime, in place of caustic soda, and this is especially 
Jihe case*in America. For^the better qualities of paper, 
hoover, its use is aftended with very serious draw¬ 
backs^ A larger proportion of lime than is Sctually 
necessary to reduce the stock must always Ifc used, 
anJ as this excess, must be properly washed out of the, 
rags before bleaching, both time and water are thus 
coJBum|d. ■ 

GAtty matters, such as sand and coal-dust, are in-^ 
vari^ly present, even in the best qualities of lirndj 
and tl^se are apt to Jrecome fixed iifthe fibres in such 
a way as to render their compile removal a mattqi of 
some difficulty. 

Lim^ as is weli known, is btjf sparingly qpluble in 
cold ^atcr^ aid still less so when ^he water is heated. 
Ona part af lime requfres seven hundred part$ of cold 
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•• 

Water to dissolve it, and fifteen bjTidie’d parts ^h»n 
the tempSature is raised to Boiling poiftt. * ^ ^ 

During tlfc boiling‘process, hflwever, a much larger 
iquantity ;s dissolved than wijuld appear possible at 
first sight. As the dissolved lime enters into combi¬ 
nation with the non-cellulose portion of the stock, the 
water becomes capable of dissolving a further quantity, 
and so the dissolving action is repeated usitil all the 
fatty and resinoq^ matters have entered into combi¬ 
nation ^ith the lime. 

In pr^aring coarse, dirty stock, such as jute^Jhd 
the lower grades of flax, in the subsequent application 
of which a high degree of cleanliness is no* of the first 
importance, lime may be used with advantage, both on 
account of its cheapness and its reducing qualities. 

In selecting a lime to boif with, it should be bonne 
in mindvthat grades showing the same percentage of 
actual liqje do not always produce a unWorm result in 
treating the stock, time which is,light to handl*, 
o!" a uniformly white colour,* and which slacks easily,, 
seems to ppssess greater reducing power than a dult 
•[^loured, heavy lime, as less of it is required ’for 
bqjiing, and the pulp produced has a softer feel. ^ 
Caustic lime whe% exposed to the atnosphere quickly 
"^ftorbs carbonic icid, aiid,the carbonate of lime thus 
formed, in additioi% to ^locsessing no boiling fower, 
is very 11 lible*to Muse serious complications in the sub- 
^ ^quent operations by a 3 hering to the fibre; eveff |fter 
much washing, and i^ frequently tlfc source of the snots 
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' vrfiicli at times apjp^r so unaccountably on tivj mach'me 
wire? ■ 

^Stationary ooiiers arc very suitable fSr ^Jie finer 
grades of cotton and Ijnen rags, but for coarse, dirty 
stock the rotary action of the revolving boiler is of 
advantage, as the shaking thus given to the stock has 
the effect of loosening the dirt. For this reason *it is 
usually employed for such materials. X; is an addi¬ 
tional advantage if the boiler can be fitted wit’’ a systeji 
of pulleys,' which will enable the revolving adion to 
be'^uickened during the washing which folt»ws the 
running off of the spent liquor. • 

» 

Jute Bolling and Bleaching.—^Jute is a material which, 
^n account of its strength and cheapness, would receive 
mUfch^ more extensivtf application in the manufacture 
of paper-were it not for the almost insurmftuntable 
difliculties whith lie in the way^of producingefrom it, 
-84 a reasonable .cost, a pulp of sufficient whitenes| 
to be used in the makings of fine papers. 

•The^chief difficulty in bleaching lies in the fact that, 
unl&s the boiling process has been conducted, so ae' 
to jnsure that all the intrusting matters have bean 
3isscjjved, the amauijt of chlorine consumed before these 
iocrusting substances can, effectively blea^h^ 
more t^n counterbalances sths low price of the raw 
material Apart from the cost of bleaclung, *flie use 
of sy^ a la{ge amount of chloriije tends to impair thj^ 
stjenglh tf the fibres,* 
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The methods of boiling^and ble%?^ng jute vafy jvi!h 
,t^e garticnlar requirements Ibf the papers to^be'pro¬ 
duced ; ^ut mills using^a considerable quantity, lime 
is, on account of its cheapness generally employed to 
effect the separation of the non-cellulose substances. 

Very good results are said to be obtained by boiling 
the jute with lime, under pressure, and then allowing 
it to stand, loosely stacked, in contact with'the excess 
ot lime the) has b*en used in boiling. 

AfteWstanding for some time the jiite is hashed and 
again boiled, this time with soda-ash under atmospfiSSc 
pressure. Thff bleaching is conducted in the usual 
way by means of tlie bleaching powder solution; but' 
instead of running in the amount necessary at one 
time, it is run in in small quantities, and befose- each' 
supply is added the contents of (he engine are tes(l’d 
by potaJlium iodide and starch papers, to ensure^that 
all the cklorine has ac^ed on the incrustihg substances, 
hi this way the fibres are said to be .better preserved 
in their original strength. 

In continental mills, where the old method jf gi« 
Ueachigg is still in vogue, jute is sometimes subjected 
to* a preliminary bleaching by means of chlorine gas, 


before being bleached by the blea^hihg powder golu- 
ISn. The follqwfng melhgd is said to produce a veiy 
satis^ctory pulp^ 

The *ute is boiled with a solution ofbmilk of lime, #t 
( pressure of about tijenty-two pounds per square ipt^, 
for tea to twelve hoifrs, the weiglft of lime u9^ 
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about ?5 per calculated on the raw, matefial. 
After divining and was<img the boiled jute'is passe^^ 
through a centrifugal machine and so'* fre^d from 
n?oisture as to be readi]y acted on by the chlcrine gas,^' 
which is the next feature of the process. 

The chlorine gks is prepared in the usual way from 
hydrochloric acid and black oxide of manganese, and 
great care tfs taken that none of the hyiirochloric acid 
finds its way into the bleaching chamber-, otherwise 
the pulp would be rendered less strong. Tlwa jute is 
sf^ed in such a way as to be readily pern\pated by 
the gaseous chlorine, and is allowed t(J remain under 
its influence until the colour of a sample drawn out 
shows that it is about three-quarters bleached. 

Afle* lifting, the partially bleached jute is washed in 
tilt potcher with wafer containing a i per cent, solu¬ 
tion of ammonia soda, which serves to disAlve the 
yellow chlorint compound that has been formed by the 
s«tion of the ga^ on the incrusting substances. This 
•washing completed, the sleek is bleached in the usual 
nwnner with from 6 to 8 per cent. of. bleaching 
powder solution. The amount of time and Ij^ndling* 
necessary for such a method as that described would 
lead^o the suppioeition that it is vttff doubtful if, in the 
end, such methods pay. 



CHAPTER III. 

WET PjJaNG. — WASHING, EREAKINQ,. AND 
BLEACHING. — ELECTROLYTIC BLEACmN^i 
-AN-flCHLqfi. 

Wet Picking.—It is the practice in ntosf mills to 
subject the boiled rags to another overhauling, or " wet 
picking,'* as it is usually termed. The idea of this is 
to insure the removal of any Wittofis, pieces of india-* 
rubber, o? other unsuitable materials which may have 
been overlboked in th^ rag-house, or Itave become 
ap|)arent through the action of the stjda, before the^ 
treatment in the washing engine renders their detection 
and removal so dilBcult as to be almost impossible 

Washing, Breaking, and Bleaching.—These thr«e 
orations are usualff' conducted in ^hS same engjpe. 
The-viijishing is generall 3 p ajcomplished by means of 
a drum washjr, t^icSi is*p8rhaps the .most effective 
and time-saving method that has as yef been adopted 
for rags. The clear vaier should be run in so 
it may mix ^ith the rags before thiy come uifder.th^' 
«r % 
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r|ll,*and the, dltom shguld be placea so^hat it may 
rest da'tke rags just as they Ijave rounded the>end'‘of 
the midfeather on the retuan journey. Thii is not y) 
near the roll as to^un the risk of liftirfg the finest 
fibres brought^to the surface by the agitation, nor yet 
so far from it as to allow the dirt to settle down on 
the rags again. 

The way in which the washing is conducted deter¬ 
mines, withhj certain limits, the percefi^^^ of “loss 
^used by the finest fibres passing away with th^ 
flashing water through the meshes of the fvire cover¬ 
ing of the drum. Until-the dirt has been freed from 
the inter^ices of the rags the roll should simply brush 
them, and thus by opening them up assist the water in 
Mn-ying the dirt away. If the roll be put down to a 
^a£d grip before the dirt has been loosened it is almost 
intpossible to wash them clean; and further, it has the 
effect of making the stuff shert and free,*or fast, as 
some prefer to* call it, thus in a large degree impairing 
the strength. 

. Tihere are two conditions indispensable to the pro¬ 
duction of strong, flexible, clean half-stufl^-namely, 
dull tackle and plenty of time. To obtain a rag al its 
fulk strength, tfieabreaking must nqt be carried fur|ii»r’ 
than is necessary, to break up the fSbric. When that 
M accomplished the roll should simply (braslil out the 
hal(-stuff, so *that it may i)e strengtliegted by tjie 
mUIingt ifhd yet l|ppt as long*as .possible consistent' 
Vith being “out of the rag." This can •only be ob- 
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tained by hiring blunt plates |nd rail{^. ^The bafs in 
tht» plate are ^sually tgpered awa^ to one-figkth ol 
^ inch. 

If the roll or the plate be too «harp, or too quickly 
brought ..together, the fibres, instead of being drawn 
out, will be cut, and rendered so free that they will 
not soften, even when allowed to mill for five or six 
hours. Threat? and strong rags cut with the rag- 
cutting mactyne arc very liable to gather into lumps 
•before tli^ roll, and to enable them to traVel thqy 
have to b% grip|)ed more firmly at first than woull! 
otherwise be the case. When they have begun to 
travel the roll should be raised to a pitch which will 
not reduce them too much. 

When the colour of the water leaving the firum^ 
shows that the dirt or colouring matter is well washed 
out, a good plan is to allow the drainin|;s from tJie 
bleaching-tfouse tanks t« run on the rags for some 
tiqje, still keeping the drum in action. When not used 
for this purpose the drainings fnay, with advantage, be 
used to dissdve fresh quantities of bleaching powder. 
VTOen the dirt or colouring matter has been com- 
•pletlly washed out, the drum should be raised ami 
th^ bleaching solutjMi run in. If it should happen 
that tie bleach is added liefore the washing is com¬ 
pleted, tl^ dirt will bicomi iixed on the fibres in^uclj^: 
a,way that po'subsequenf washing will*serve to J^ke, 
i||t, out. 

Bleaching«powder, or chloride of lime, is iSade 
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sfturating slake^ilime wijh chlorine gas/» When the 
cimp^un*^ thus obtained is dissolved ijj.water,•bleaeh- 
ing liquor, consisting of chloride and h3rp6chlorite qf 
lime, is formed, white the calcium hydrate is left as 
the lime mud. , .Chlorine gas in the dry stat% possesses 
no bleaching properties, but in the presence of moisture 
it decomposes the water, taking up the hydrogen to 
form hydrochloric acid and liberating tfie oxygen. 

The oxygen thus set free has* powei^jd oxidtsing 
f^opertie's, which are rendered the more active from* 
^s being in what is technically known as tlie nascent 
state. It attacks the vegetable colouring matters, and 
by destroying them imparts the white shade charac¬ 
teristic of bleached stock. 

The old method of gas bleaching depends on this 
dirjct action of tlfe cfilorine gas when brought into 
coptact with the wet half-stuff. Unless under ex¬ 
ceptional circumstances, bleajjiing powder* has quite 
superseded tha gas-bleaching method. 

This is due to the‘facility with which it can be 
i-appyed, as well as to the increased yield of pulp ;^a 
nfuch larger proportion being attacked and destroyed 
■by'the chlorine gas than is the case when the less" 
drafstic action df t^e hypochlorou^qcid of the bleaclpig 
solution is employed. 

When the materials to'bh bldacited are pjpre than 
usually dirty 6r high-colourqd, heat is*often used |o 
. asfiist (he* action of the bleacb in producing a good 
colour. * Great care must be taken to see that the' 
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temperaturff'does not exce^ ^0° FaIv-» otherwise tjie 
steff vwll be slyjrtened^ and the* colour obt^nod 
{fo back, especially if allowed to lie for any length of 
tme before Rising. 

Anothei; method of obtaining a goo^ colour is to 
add to the stock, while in contact with the bleaching 
solution, an agent which will, by decomposing the 
bleach, render *it more effective. Sulphuric acid is 
often employed to %o this, and, within certain limits, 
'it has the'desired effect. Its use is, however," attendjd 
with the Serious drawback that if it be added in exce^ 
chlorine will be liberated. This chlorine attacks the 
fibres and weakens them. When only a smafl quantity 
of sulphuric acid acts on the bleaching solution, hypo- 
chlorous acid is liberated. 

Hypochlorous acid is decoffipofed and yields^Us 
oxygen very easily, and in so doing is reducet^ to 
hydrochloric acid, whic]| acts less injuriously on the 
fijjrcs than chlorine. 

Sulphate of alumina may be* used with better results 
in preserving the strength of the fibres, probabljjdue« 
to the fast that the action being less violent there Is 
"les^tendency to liberate the chlorine, 

. professor Lunge ^ffses acetic acid ^o* gain the syne 
end, a^d he claims that fhore is no impairing of the 
strength ^of tl;e fi|}ref as fb the case when chlorine is 
liberated, or, ^^en when^the hydrochloUc acid, which 
is formed from the decomposed hypochloaou| ac}d, 
remains In gontact with the stock. On addii% acetia 
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' ayidfto the eng^, the bjeaching solutidii is decom- 

pbsed^ \ftth the foriAation of hypocl^Jorous a«id «nd 
acetate of lime. 

The hypochlorous acid gives oit its oxygen, Decoming 
reduced to hy^ochlOric acid, which in the presence of 
the acetate, of lime immediately acts on it, regenerating 
-acetic acid and calcium chloride. It will thus be seen 
that only a very small quantity of acefic acid need be 
used, owing to its continuous regei?cration. 

^Another feature of importance is that iiie hydro* 
^loric acid does not remain long enough 'among the 
stock in the free state to do the fibres any injury. 
In the ^hse of rags, which have been imperfectly 
washed ani thus retain a large proportion of alkali, 
it is recommended that a less expensive acid, such as 
sulphuric, be used b neutralise the alkali before adding 
the acetic acid. 

In bleaching rags containing even a small* proportion 
of jute, no auxiliary agent which has the effect ^pf 
liberating chlorine shoifSd be used. If jute be treated 
witl^.chlorine a characteristic yellow compound will be 
fdnned, and it is the formation of this yellow bady^yhich 
»’the cau^ of the fading in the colour of jute Bon-* 
tailing stock ^l^n such agents *as sulphuric aci(^r 
sulphate of alumina are us^d to assist in bnngiing up 
the colour. 

Dr. Lunge -(^aims that ace^c acid mSy,be added ,tQ. 
tl\p engine before the bleach ia> run in; but with ^e 
other i|;eDts the best results are obtained 
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thenf to tlji pulp after the bleach^ig solution ffes V 
b^tn; sontewhat exhausted. 

When ysing steam ft is better *10 allow the bleach 
tft become ^oroughly mixed before heating it. The 
amount of bleach required to give a good colour varies 
with the quantity of dirt or colouring matter to be 
destroyed, and the treatment which the material has 
received in the toiler. Imperfectly boiled stock always 
consumes a much larger proportion before coming to 
a good colour. 

Clean aotton and linen rags will require from I 
2 per cent, calculated on the dry bleaching powder, 
while the coarser grades will require 5 to tf per cent. 
The addition of a little alumina or sulpHhric acid to 
the better "grades of cotton and linen rags h^ the 
effect of killing the black threads often present 
* It is ■Jfery important that the bleaching solution be 
maintained at a uniform^ strength, otherwise the cotoUr 
will not be regular in shade. A solution which stands 
^ Twaddle contains about half a pound of bleaching 
powder to each gallon. Bleaching powder seldom, 
c^»ntains,more than about 35 per cent available 
chlwine, which is equivalent to saying that oijjy 
35 per cent of th» weight of the^pswder dissolved 
has tte poweit qf lileacblbgi the stock. 

^wing to ^e ^otnt 4 f calcium chlorate pre^iit ta 
some bfe'adnsg powders, the availabW chlorine 
'^bt ezf^ 25 to 28 per.cent Calcium ch}()rate^pc|£ 
^sses liiib teaching pjwer, wid evdb in the beet gra 4 <| 



*a^ PRAOICAIJ PAffR-MAKING. 

, t 

i b]eaching p<^wder the lime mud oftdfl retaihs a 

C(iisidera61e amount of chlorine. In stwin^ the powder 

prior to dissolving,'it should l 5 e kept as cqol as pos-- 

sible, as it is very Ipble to be decomposed with tlfe *' 

formation of unavailable calcium chlorate if the sur- 
, > 
rounding atmosphere is heated. 

The most suitable vessel in which to conduct the 
extraction of the chlorine is a circular "iron tank fitted 
with a mechanical agitator, so as trf insure that all the 
powder may come into contact with the water. As •' 
^orine is so liable to be decomposed by the action 
of light, the vessels should be fitted Vith a covering 
so as to'exclude it as much as possible. A con¬ 
venient size' of mixer is one which will contain about 
7 cwts. of bleaching powder and goo gallons of 
%ater. 

T^e agitation should be kept up for at feast two 
hours, and the time allowed for settling should not be 
Jess than seven^or eight hours, as a muddy solution 
,• is much less active thas one which is clear, besides 
Jeaving a deposit of lime on the fibres, wWch is liable 
to (Cause unevenness in the subsequent sizing operS- 
tio,p, and to cause the spots which, at times, are siKh . 
a nuisance in the machine wire. 

A?ter the first liquor l^#* been ’ rqn off, the, tank 
shoul4 be filled up again (with vfater or^weak liquor 
drained from ,lhe bleaching house tank^ and the 
agitation ^nd settling conducted as with the first 
^tractioB. A thir^ liquor may &e taken o|f and used 
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eitliA for Aeaching or for extractij^^ a fresh s*i^ly' 
ot«bleachin| powder. A sufficient number Bf jnixfrs 
should be.used as to adm^t of running off a first and 
S second Ikiuor together, and a*third also, if it is to 
be used for bleaching, otherwise the strength of the 
solution as used at the potcher will not I)e uniform. 

By draining the lime mud and using the liquor thus 
extracted, eithfr to dissolve fresh powder 8r to mix 
witl* the bleaching*solution, if it be sufficiently clean 
' and of uniform strength, a very considerable amount 
of bleaching powder may be saved, espec ally in raill^ 
where the consumption is a large one. 

Electrolytic Bleaching.—Within the last few years 
a great many experiments have been tried, with a view 
to superseding the expensive* blAching powder,^ by 
making use of the electric current to set free^the 
oxygen cdhtalned in wjj^er, and thus malfe it available 
for bleaching purposes. It is well l^nown that the* 
oxygen generated from watei* by electrolysis has the 
power of decomposing colouring matters. The^hief* 
d^icultyjn the way of using the oxygen thus liberaftd 
lie# in the fact that, though the incrusting matters ace 
certainly removed fiftm the fibres, are liablg to 
assunjp a brown* colour .entering into combination 
with the ox^jgen^ This*bfown colour can only be 
removed by^uSing chlorine to decomposf and bleach it. 

Another method trf bleaching without the^use.of 
chlorine, w^^ich, however, is still m the expAimentai 
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consists iif treating the stock with ieone, flr, as 
It<nay^b»termed, “active oxygen.” Wheft an ^lecttic 
spark is passed through a jar containing air, ait is found 
that the oxygen present has acquired much strongdi- 
oxidising properties.* The oxygen which has under¬ 
gone this change has been named ozone, and possesses 
much more effective bleaching power than ordinary 
oxygen. • 

In bleaching with this agent the*o.xygen, whichvhas 
been in .contact with the electric sparks, and thus * 
^ntains a larger proportion of ozone, is led«by a pipe 
to the- bottom of the vat in which the stock to-be 
bleached ^ placed. In its upward passage through 
the stock this ozonised oxygen is said to destroy the 
colouring matters so effectively that its advocates claim 
to be 70 per cent»che&per than the use of bleaching 
powder. 

In another'class of processe| the electric turrent is 
^ade use of tp render cheap chlorine compounds, 

• such as chloride of magnesia, available for bleaching 
jmrposes by liberating the chlorine containedi in them. 
TT»e process which has, by reason of its^ractit^ 
application, claimed most attention from paper-maktfs 
•is that of M. Hennite. The bie*:hing solution u^d 
in this method is obtained fty decomposing a £ per 
cent, solution of magnesiutn Schlofid^ byjneans of an 
: electric current,* 

the^decomposiuon procefos,. magne^um ana., 
lydrogeuare given *off at the ne^ive pol^ white, 
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chlortne an 3 oxygen go to the posit^^. Thechloi^e' 
t^s the oxygen to form hjfpochloric afldj^whlth 
is in turn .decomposed with the formation of chlorous 
chloric acids. As these aci^s yield their oxygen 
to bleach the stock, magnesium cMoride is again formed 
and again decomposed as before, thus making the 
process continuous. 

The loss in Chemicals is made up by thS addition 
of ftosh quantities^ of the magnesium qhloride. The 
t bleaching solution prepared in this way i« said to 
possess greater bleaching properties than a solutiqjf 
of .bleaching pdWder containing the same perAntage 
of available chlorine. 

It is the practice in some mills to run the bleached 
stock into large chests fitted with perforated bottoms,^ 
through which the weak liquftr ft allowed to djain. 
In mills^where a large stock is kept the rags maj lie 
in the bleaching-house ^r weeks, and while it is quitg'. 
true that the colour will come up, owing to the actioil* 
0? the sunlight in decomposing the chlorine compounds 
remaining in the stock, yet, if the exposure hi toon 
iSng, the.colour will go back, and in addition the 
.wiM. become tender, owing to the formation of tihe 
ox^-cellulose by th* action of the^:^gen of th^lu*:, 
m ihe^presence of I'lght. ' 

,This tend|ring^ afld fftling will be more appattp 
if au*iliary^8fents, such^as sulphuric dtud or sul^t^ 
alumiip have beqp used in bleaching; 

'^h!i:h )ias jain for & condderabte tiine, esffcially:.^ 
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• siyplturic acid been used, will often te fourtd to 
ha\e ^kEn on a pink^ tinge. 

These drawbacks* to th<j use of a bleaching-house 
have led some paper»makers to discard it» altogethef, 
and to run the lags straight from the breaking engine, 
in which the bleaching has been conducted, to the 
beater. 

When this is done more bleach is Aquired to give 
the same degree of whiteness, ihd owing to •the 
presence -sf an increased amount of bleach in the un- 
?jained rags, a larger quantity of antichlor is« rendered 
necesss,ry to neutralise the chlorine tfian is the case 
when thej^have been allowed to drain in the bleaching 
house tanks.* The ordinary grades of cotton and linen 
rags will be found to be at their best, both as regards 
'whiteness and strerlfeth,* after having lain for twenty- 
four^ hours in the bleaching house. 

Antichlor.—Whether the stock has lain in the bleach^ 
'ing-house or has come direct from the washer, it retains 
fhlori^e to such an. extent that the latter must be 
nciftraliscd; otherwise its presence will act iqjuriousfy 
on. the fibres, besides seriously complicating the re- 
acttqjis on whidi Jhe sizing proceKS denends for its 
, efficacy. 

The*two forms of neutralilirife agCnt|, or "antichlors,” 
as they are teilhed, most commonly used ^ are hypo- 
sulyh*!^ sulphite of,soda. When hypo- 

salphite soda is employed,* the reaction which 
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takes place' may be represented ,ljy the folltfwiag 
;(f8ati#n:— 

■ 2 Ca Cl, O* + Noj Sg O3 + ITg 0#=; 2 Ca SO^ + 2 H C! + 2 Na Cl. 
which shows that the bleaching‘solution remaining in 
the pulp ^ decomposed with the formation of calcium 
sulphate, sodium chloride, and hydrochloric acid. 

The formation of the last-named constitute^ a draw¬ 
back to the use of ^is agent, as, apart from its injurious 
actiSn on the pulp, the acid tends to* eat into the 
machine wire and so shorten its life. T^s latter, 
action, however, is not so injurious as is commonl^f 
supposed, as 'he writer knows a machine ^e wires 
on which, though carrying nothing but rag^tuff treated 
with the hyposulphite, run for thirteen and even four¬ 
teen weeks. 

When,using it great care must be taken to avoid an 
excess, as, though not generally suspected, the reKon 
why so many photographs become stained and spotted, 
^en when not exposed to the action t»f light and air,' 
is that an excess of hyposulphite of soda has been used' 
i|^ the engine, the presence of which in the cardBowd* 
used for Counting has caused the discoloration. • 
X glance at the following equation^will show tifat 
IP'lien sulphite of sq^ium ^ used noK of the resulting 
compeunds will have^ any_iifjurious effect either on the 
paper oi^the wire *— 

.a0Ci;O + 2Na,SO,feCaSO4 + Na,SO, + 4_Naa» 
Should qp excess o'f sulphite of'soda be us?d in the 
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mskisig of photqg'-aph mounts, it is asserted that no 
bad rpsifits will ensue, and the same applies^ to'all 
colouring or toning. Th(^se reasons have led many 
paper-makers to adopt it in preference to the hypo¬ 
sulphite. It should be borne in mind, however, that 
it takes abput four parts of the sulphite to do the work 
done by one part of the hyposulphite. 

When using rags the best plan to ensure the com¬ 
plete neutralisation of the chlorine, without using 
an excess of antichlor, is to supply the beater-man 
Vith a bottle of potassium iodide and ^starch solution, 
with ffiotructions to put in one-half of the usual amount 
of antichlor while running in the water, and after the 
rags are furnished, gradually to add the remaining 
half Until the blue stain produced on the addition of 
a drop of the testiJig solution to the pulp has grown 
faint and finally disappeared. To make this test satis¬ 
factory it should be performed ^lefore the addition of the 
.alum, otherwisejt is not so much to be depended upo^l, 

No doubt all this attention means extra work for 
the ^eater-man, but there are few beaterimen who, if 
^h8 foreman will but spare the time to explain what 
the neglect of the precautions may lead to, will hot 
g^ijly give thet'ajtention necessaiy. Such care 
"not pnlyensime satisfaction So the purchaser, bitf, will 
also' uave the beater-man'' rf coifeii^abip ainount of 
^Uble, in givih| a more uniform shade,*a9d guardipg'* 
"agjiJist^ the unaccountable rise^ ant^ falls in. rolour, 
which ide of su .fr^uoit occurrence in sopie mili^ 
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CELLULOSE FROM WOOD.-MECIIANICAL WOOD 
FULP. 

Cellulose from Wood.—Comparatively few paper- 
makers in this country prepare their own wood pulp, 
most of the supply being obtained from the Swedish and. 
Norwegi^ pulp mills. A knowledge of the principles 
on which the different processes for obtaining Jthe 
cellulose are based, and^the effect of the treatment on 
tljp pulp produced, is, however, indispensable to the 
paper-maker, that he may be hble to determine which 
pulp is most Suited to his particular requirements. 

Wood, like jute, belongs to the class of ligno-cellH- 
•lcs&, and is composed of about two parts of cellulose,^ 
int^ately bound u{>hvith one part o^ tS)n-celUilos% or 
lignin* The processes employed to break up thiai 
’'combination may Ijp classed under three heads. tFirst,] 
. tiv; alkali prpMss, which/akes in the methods depend- 
j ing-on the use of (Mustic soda.^Second;»t^ 
process, under which &ay be arranged the*varioiij(f 
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based .^p the reducing action oh sulphurous 
a’cid jn'^the gaseous br liquid state. 

Midway between these, two classes stand those ft 

Dahl, Blitz, and Crass, the former of which employs 

a solution of sodium compounds containing a large 
« * 
percentage of sulphate of soda, and is known as the 

sulphate process. The process patented by Cross, 

mainly ^ith the idea of rendering fue use of lead- 

lined boilers, unnecessary, while' depending om the 

action of. neutral solutions of the bisulphites provides* 

for the use of alkalies. The boiling in Blitf's process 

is cOV.'Jucted by a solution of sodium ’ sulphide, to 

which is' added a yery small proportion of vanadate 

of ammonia. 

Whatever may be the process employed to produce 
the cellulose, the ‘wo^d must first undergo a preli¬ 
minary mechanical treatment in order that the pulp 
may be of a uniform charaejer. The trees are first 
sawn into small logs, which are then stripped of tjje 
bark and cut into boards by passing through a slitting 
maeijine. TTie knots are next bored or‘cut out, and 
the boards broken into small chips by ao breaking 
machine. The chips are then passed under hehvy* 
rollers, which bfi^ise them in such a way as to aljpw 
the boiling solution to thi^oughly «oak thenv and 
finally passed along revoMlSg sifreqjis t];irouj|h which' 
the dirt and dust, set free by the crifelyng, escapp, 
wtufe thq, clean chips are carri^ on to the boiler or 
store hdlise as they maybe wanted. 
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The caustic ^oda process of Wgtt aiKl*Btygess may 
Ae taSen Ss the tyi^cal ajkali method^ of isolating *he 
wood cellulosd. In this process the wood, having been 
subjected to stich a treatment as •that described, is 
digested in a, large boiler with a 'strortg solution of 
caustic soda, under a pressure of about ninety.pounds, 
for ten or twelve hours. It is the necessity for em¬ 
ploying such high* temperatures and pressureis that 
constitutes the .serious drawback to the alkali pro¬ 
cesses, as under the conditions of boiling the strong 
caustic solutft)n acts on the cellulose, impairing the 
strength and reducing the yield. The rea.son,^lTy 
such conditions are necessary is, that the soluble acid 
bodies resolved by the caustic become so oxidised and 
condensed that they counteract and weaken the rediTc- 
ing action the soda, and in orSer^o equalise theif 
resistance higher temperatures and pressures have te 
be employed. 

4 is with a view to prevent the oxidisation of these 
acid bodies that the soluble biAilphide of sodium is 
used by Dahl. ’Notwithstanding the presence of this 
reducing agept, the pressure employed is high. It is 
in'doihg away with these counter-influences that the 
chief i^vantages of the tcid processes lif. By usingia 
solution a bisulphite, such as lime or magnesia, the 
acid bodies aemoged* by Intering into combination 
with .the base^ at' the same .time setting free the sulj 
phurous acid, which acts^n the unres^ved woody until 
all the non-cellulose substances have been removed, 

3 
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Jn Ekinant process tl;ie wood is dige&ted in a large ■ 
lead-lined, jacketed boiler, fitjcd so as to re\A3lveVhen> 
desired. The solution ■ used is prepared by passing 
sulphurous acid §as, produced from burning sulphur • 
in a stream of air', up through a tower, in which the 
magnesia, with which it combines to form the bisul¬ 
phite, is loosely spread out. A stream of water, 
running down through the tower, r&ets the sulphurous 
fumes in .their upward course, and carries them into 
solutidn. 

Care is taken that the sulphurous acid 'and magnesia 
areSl-ept at the proportions necessary to produce a 
double sulphite. The strength of the bisulphite solu¬ 
tion thus obtained is about one-and-a-half per cent, of 
magnesia and four-and-a-half per cent, of sulphurous 
rcid. When the steam Is turned on, the,pressure in. 
the inner chamber increases with greater rapidity than 
in the oiiter, owing to the. tension of the sulphurous 
vapour; butdt is said that the best results are obt^j^ied 
by keeping the diffefence between the two pressures 
under thirty pounds. 

As the pressure increases, the blow-off co^ is 
opened that the gases may escape, and thus*avbi<^ 
cuer-heating end consequent discolouring of theywood. 
In about seven or eight hours the pressun* reaches 
ei|hty-five to ninety pounds) apd after„,about three 
hours’ boiling at that pressure the action is stopped, ' 
and. the wood, gfter washing<and draining, is ready to. 
he bleached. 
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In tfie Partington process the sulpijuious gas is led( 
into<tankfi containipg milk of* Iim*e* and a blsulpffi^e of* 
lime solution at once ottain^d. By* this method the 
fioilfhg can be completed in from eixteen to eighteen 
hours, though in some cases, when increased pressure 
is employed, the time required is a little less. 

While the principle underlying the various sulphite 
processes is the sBine in each case, they are divided 
into tvip classes, owirl|; to the duration, or rather the 
tlifferences which exist in the duration, of boiling. In 
what are termed the “quick” processes, the boiling 
is completed in fi%ra twelve to sixteen hours^ ^o 
accomplish the complete separation of the cellulose and 
'the non-cellulose substances in that time, a sfrong acid 
solution, at a high temperature, must be employed. • 

In the Mitscherlich process the* solution used is 
much weaiter, and contains a greater proportion of 
base. The result is that ^he boiling must be extended 
from forty to’ sixty hours, and the pressure is also 
much lower. By this latter trealment it is claimed that 
a larger percentage yield is obtained than by the qujpk 
meftiods of^ boiling. It is, however, diflicult to sew 
whene this increase can come from, unless the incrust-* 
ing substances are imperfectly removed,* and so ^d 
to fhe T^ight of pulp produlesJ. If tins is the case it 

will soon make itself know* by the increased amount 

• • • 

of bleach necessary to give a good colour.. 

■? Wood'and jute show a close analogy in c|],emiif^ 
composition, and the diE^culty experienced in blSaching 
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wood, from lyWch all the incrusting rtatter has not 
beqn removed by the boiling^ is <kie to thefornfation* 
of a yellow chlorine compound similar to‘that prodvxcd 
when chlorine acts on jute. This yellow body*must 
first be bleached before the cellulose is^bi;oiight to a 
good white colour, and the amount of chlorine neces¬ 
sary to do this.acts very injuriously on the fibres. 

This weakening is also noticeable in highly bleached 
sulphite pulps; and though tlfe degree of wiiitcncss 
obtained, by using a large amount of bleach, makes 
such pulps suitable for the better qualities of paper, it 
is*t>^!tined at the sacrifice of much of the original 
strength and elasticity of the fibres. 

ThougK Dahl’s process is generally known by the 
tenn “sulphate,” the solution employed to digest the 
v^pod contains oftier* sodium compounds. Jt is prin¬ 
cipally composed of sodium sulphate, sodium sulphide, 
and sodium hydrate, and th^ strength of the recovered 
solution is ntpintained by the addition of fresh qu^- 
tities of sodium sulphate. This process is said to 
possess a slight advantage over the caustic alkali 
Methods in point of economy; but it is,the gerferal 
opinion among paper-makers that the pulp produced is 
ittferior in strength, and less frt;e from incrustinj^ sub¬ 
stances, than that obtainetl from the sulphite processes. 
Ovfing to the preseneb tf tficsg intrusting matters 
sulphate wood is, however, more suitable for, the 
faking of papers which are wanted opaque. 

Durfng recent* years the ‘demand for “sulphate" 
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pulp has incftased largely, owing to tlife 4pvcloji^en(j; 
of “ICraft" browii'-papers, which have entirely super- 
^cdod certaiil classes of brevvns formerly used for 
wrapping purl)oscs. The remarkable development of 

the Kraft brown branch of the trade is due to the 

• • 

fact that the Scandinavian makers were quick.to realise 
the possibilities of pulp specially cooked to give the 
required characteristics. 

In ofder to produce a pulp suitable fof the Kraft 
papers, the boiling is conducted so as to ensitrc that 
cncrustaling' matters arc not fully resolved, with the 

% A« 

result that the fibres are not injured, and retaii’/’cheir 
original strength in a marked degree. 

It is a matter of much discussion among British 
paper-makers as to whether the characteristics obtaified 
in the fini|jied sheet are the result of the methods fil 
boiling or the manner of beating, but it is probalile 
that they are due to a judicious combinatioiT ; and the 
fai^ remains that, notwithstanding painstaking ex¬ 
periments on the part of Briflsh makers, no Kraft 
yet produced ih this country combines the crispness 
and* elasticity which form so distinctive a feature oi 
the Kraft papers produced by the best Scandinavian 
niillsy 

Another theory held to acceunt for the superiority 
of the Scaq,dinavian, product that the change* in 
physical properties resultiqg from the action of the'* 
hot cylinders of the pujg machines, yhen the i* 
dried previous to being shipped, constitutes a serious 
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idr^wjjack itoVlKe Broduqtion of strong) tough paper. 
With a view to .overcoming .this defect son 5 e itritish* 
makers have shipped siHphate pulp containing 50- p^r 
cent, moisture; l?ut notwithstanding that this pulp 
was specially, prepared with a view to produce Kraft- 
papers, the results cannot be said to have justified the 
increased cost incurred. It would seem that, owing 

C f 

to the presence of the by-prodijcts in the boiled pulp, 
the time allowed to elapse between the finish' of thf 
cooking and the beating or milling operation must de¬ 
termine to a large extent the propqptics of the finished 
procfifct. Apart from such considerations as to boiling, 
the ability of the Scandinavian makers to allow a, 
considerable time for milling the pulp in kollcrgangs or 

r 

beaters must always^ remain a very considerable asset 
in their favour for the production of a crisp, tough 
K*.aft paper. 

A careful examination ofi the samples of the best 

Kraft papers'will show that the individual fibreaof; 

the Scandinavian papers are much longer than those 

m*" the papers produced by British makers, and it is 

very probable that, even if the home maker could 

treat his pulp so as to retain the length of thetibres^ 

•in* the like degree, the product would be lackiiig in 

firmness and "rattle.” * 

« ' * 

It Would thus seem that the well-kSiowr. character¬ 
istics of the Scandinavian tpapers are the result of' the' 
^xcep^onal conditions under which.they are prepared 
and having regard to the practically_^unlimited Supply* 
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of pow?r at the command of the maqu^cturers at a , 
nomiaal cost, itVill.be readil/uncfefstood that thc'l^al' 
conditions lend themselves in^ an exteptional manner 
to tlft requirements most desirable* in the case. 

In a Scotch mill, making a speciality of its wood pulp 
papers, the Vood is treated with a bisull>hite of lime 
solution, prepared by passing the sulphurous fumes 
into a tower contatuing the limestone, through .which 
a streaq) of water is k«pt running. With the solution 
{hus obtained a charge of eight tons of wood is boiled 
in a large rotary boiler, under a pressure of 57 lbs., 
for seven hours, v/hen the pres.sure is lowercd^o*a 
few minutes by opening the blow-off valve and allow- 
*iflg the volatile compounds to escape, ahd again 
increased, this time to 80 lbs. This pressure, is 
maintained for twelve hours. 

The boiled wood, after washing, is emptied into'a 
large pit beneath the boiler, from which, aftqf draining, 
it is lifted into boxes, pressed, and ^taken to the 
breaker, or washer, as it may mqre correctly be termed. 
After washing, <by means of a drum, the wood pulp^is 
emptied into a chest, from which it is pumped to flat» 
bottomed strainers similar to those used in connection 
'with the presse-pate. •The strainer pulp*is next run 
into th^potcher in jivhich thV t^eaching*is conducted. 

After the wopd has received a preliminary bleadiing 
the.washing-jlrum is let down, and the chlorine com-. 
'pounds,, formed^ by the action of the bleach aa UlJ 
imperfectly removed incnisting matters, washM oufc} 
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After this wa/hing is completed the anvjunt of bleach 
‘ne&seary to bring* tb a'good colpur is run in,* and ^ 
when the colour'is up the w’bod is emptied into,^the 
draining-chests, wljere it lies until wanted. 

The pulp produced by this process is strong, and 
comes to a gcAjd colour when bleached, ft has, more¬ 
over, one distinct advantage over many of the wood 
pulps ,in the market, in that it com^s to a soft, greasy 
condition with comparatively li’.tle milling, wjth the 
result that Ihe papers made from it, especially the lightei* 
weights, possess a strong yet silky feel. 

the present time considerable attention is being 
direct^ by British makers to the soda process, owing 
to the introduction and increased use of poplar pulp* 
produced by the soda process. As is well known, 
American paper-ipak«rs have relied on poplar and 
sifuilar soft woods for the production of paper? which in 
thfii countrpr are made mostly from esparto grass, and 
it is somewhat curious that* poplar pulp should now 
be a recognised materjal for blending with espartobn 
British mills. , 

, ^he methods employed in American and Canadian 
mills for the isolation of the poplar fibres by ippans 
of the soda, process differ vfry little from those ' 
Orilinally used 'by Watt fnd Burgps, excepting^hat 
the /endency is to incrqasf the pressure and shorten 
the time in boiling. Owing to thb very dfSstic action 
of»the soda solution when* employed in conjunction 
^ith IfVpressure 6f between t6o lbs. to I lO lbs., the 
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time employod on the preliminary p^OKSses may be. 
curt»iled. consWerably, the knots* Being so actetfypon 
as to be easily removed by ^le stranicrs on the pulp 
macfline. The freedom from dist and small chips 
which the bleached pulp displays, when being reeled 
up at the en 8 of the pulp machine is very striking. 

To produce a good colour on poplac pulp prepared 
by the soda proce* it is essential that the washing be 
sufficiqpt to remove fie combinations which have rc- 
*sulted by the union of the soda with the acids egntained 
in the wood; and in ordi r to effect this, the method 
employed is very Similar to tha;. used in the i^slltng 
of esparto grass, as in each case it is important to 
ensure that complete removal of the objectionable 
compounds without unduly reducing the strength of 
the liquor to be subsequently tftat«d in the recovery 
process. 

The methods of boiling and bleaching vary slightly 
in the different mills, but as a rule a well-boiled, wcll^'' 
washed poplar pulp will come*to a good colour with 
about 12 per «ent. of bleaching powder. 

Mechanical Wood Pulp.—A large portion of the wood 
used in paper-making has been subjected to no chemjpal 
treatment, and is jenown af mechanical wood,” to 
distinguish it fi,om the pulffc produced by the varfous 
chemical processes. The mechanical wood is obtained 
by pressing large blocks *of wood against rejolviflg 
grindstones, which tear the fibres from the masft The 
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|[round wood ig .washed from the stones‘by me*ans of 
a cqnlinuous flow o^ wAer, and .earned through a 
series of screens, in whjph the dirt and* small ch’ps 
are separated from«the fibres. 

Though the blocks of wood are placed so that the 
fibres will be* torn laterally, the grinding action of 
the stone has the effect of making them very short, 
and this, together with the incrutting matter with 
which they are surrounded, def<rives them of their 
felting power to a large extent. 

In order to get as long a fibre as possible, the 
woBd^s sometimes steamed for teft or twelve hours, 
previous to grinding, that the fibres may yield more 
■readily to*the tearing action of the stone, and thus 
be 4orn at a greater length. At best the pulp thus 
produced is possense^ of little felting power, and is 
not'suitable for any but inferior grades of paper 
suA as nejvs or low quality printings. 

Apart from the poor felting properties of the fibres, 
the lignin contained in the wood is acted on by air 
an^ light if exposed for any length of time. It is 
this oxidising and decomposing action which is the 
cause of the discoloration of paper containing even 
a smaU proportion of mechaniwl wood pulp. 

, NotwithstandSig thesf Serious 4'^fects, mechaniCal 
wood is largely used as * filling mat^ial, owing to 
its low price and opacity. Because of* the latter 
Ijrbperjy it is much used*to counteract the tranS- 
, parenej^ of papers made froln sulphite wood. As^ 
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much as 70‘per cent, is often used/n the manu- 
factifte cf nevJs, and even with no other fibre* (Jian’ 
JO .per cent* of sulphate on sulphite wood a good 
newt is prodaced. 


Tab& of COMFOSITION OF WoODS (MtitLEK). 

IJirch. Beech. Lime. I'lne. Poplar. 

Percent. Percent. Percent. Percent. Percent. 
CclIiJosc . . 5?S2 

45 47 • 5309 • 56’99 • *6277 

Resin* . . I-I4 * 0-41 , 393 , 0-^7 . 1-37 

’ Aqueous extract . 2 -()$ . 2-41 . 3-56 . 1-26 2 88 

Water. . . 12-48 . 12-57 • 'O'O • 13S7 . U-io 

Lignin . .28-41 • 39'4 ■ 29-32 . 2691 . 20-88 



CHAPTER V 


ESPARTO AND STRAIK 


Analysis or Air-orif.d Sami-lfs (Mullfr). 

Spanisli. Afi ifan. 


Cellulose . . . 

4S'25 per rent. . 

• 45’So per cent. 

Fat and Wax . . 

207 .. 

. 2*02 „ 

Aqueous extract . . 

1019 

. 9’»l •> 

Pc«toiis substances , 

26'3'7 

• 29-30 „ 

Water . . . 

•9'J8 « 

. S-So „ 

Ah ... . 

377 ... 



A GLANCE at the foregoing analysis will reveal that the 
amount of cellulose contained in esparto does not qui^ 
reach 50 per cent. That means that, given the best • 
working conditions, 20 cwts. of esparto will not produce 
much more than 9f cwts. of paper. 

Before this amount can be rendered available‘foi 
papj|r-making,»the 10 cwts. of nan-available mate^jals 
must be got rid of. Nqf %nly do they require to be 
separated from the cellfllofe, but^thejj must be re¬ 
moved in such a manner as will prevent apy recomlji- 
n^fion^hich would tend to ^injure the cellulose, 
•Caustic %oda has Wn found most suitable for this 
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purpose, both on account of its redp^ng and com- 
biniiffe power.' 

When esparto is treated .with a hot solution of 
caustic soda,‘the gummy, resinoMs, and waxy sub¬ 
stances, together with the silica which forms the 
waterproof c'?)ating of the whole, are dissolved—the 
former as fatty and resinous soaps, the latter as 
silicate of soda. •The percentage turn-out of winter 
cellulose will be less ^han of that cut in the summer, 
for this reason, that the winter cellulose will .contain 
more moisture than the summer. This being so, 
it will require a Smaller quantity of soda to beil 
with. 

Before purchasing a supply of esparto, *or in fact 
any other paper-making material, a sufficient quantity 
should always be secured to adftiit«f a practical test 
being made, so that the papef^fiiaker may know 
whether the amount of ^available materiat contained 
is^in proportion to the money he has.to pay for it. 
A neglect of this precaution,* especially in a mill 
where large qoantities are used, may and does often 
me!tn the loss of a considerable amount of monej* 
in a»year. 

A^cr the bales of grass have been fi^ed from jhe 
hoops pr ropes with whieff jhey are held together, 
the small bundles are fed *11110 the dusting machine, 
wlych br&l^ them up and dusts them at the same 
time. 

The endless felt which receives the dusteB grass 



46 PRACriiAL PAPER-MAKING. 

as it 'leaves .the duster may be extended so as to 

• * * 

’ delifer it right oVdr the boiler .moidh, and siiould 
be so placed that space enough is left on either 
side for sorters, should there be any, necessity for 
removing knots . ^nd roots, which might become 
broken up By the action of the soda,*and so pass 
through'the strainers of the pnsse-paie, and cause- 
black, or brown specks to appear in the paper. 

Esparto, owing to its pectotls nature, yie^s with 
comparatively little resistance to the reducing action 
of the soda. While it is quite possible to set free 
tlte cellulose by boiling under fery low pressures, 
or even in open boilers, it is necessary to use strong 
solutions* and to extend the treatment over a much* 
longer time than is required when the pressure em¬ 
ployed is high. 

*Xs a rule, the "Higher the pressure employed the 
less soda [s required to do the work; but this applies 
only within certain limits, as the use of high pressures 
is very liable to indigie recombinations of the non¬ 
cellulose constituents which, in addition to damaging 
/he pulp, hinder the reducing action of the soda.' 

If vomiting boilers are used, the wort of boiling 
.IC^ to 50 cwts. of grass can be«accomplished in 2^ to' 
,3 hours, undel a pre|sfire of frpm 30 to lbs., 
using 14 to 16 per cent, of 70 p^r cent, caustic 
on the raw material. 

•The conditions of worlung vary in nearly every 
mill, i* accordance with the quality of the paper tO" 
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be ma^e, so that no hard-and-fast ru|f ^as to tempera¬ 
ture* duration* of boiling or*stren|[th of solutiou^Jfcan 
be (Set down? It should, however, be borne in mind 
that*when the grass used is dilBoult to bleach it is 
better and, more economical to boij with half a pound, 
or even a i?ound, more caustic per cwf. than to use 
extra bleach to give the desired colour. 

Thf additional «austic will not impair the strength 
of the grass unless tlft temperature employed be much 
higher than usual, while it will have tfie ^ffect oi 
softening the fibres and rendering them more easily 
penetrated by the bleach. Extra bleach means extra 
antichlor, injury to the presse-pdte wire, and, in a marked 
degree, weakening of the original strengtB, together 
with the production of much powdery fibre. • 

Whatever be the material treafed/iconcentrated solu¬ 
tions of caustic soda perform tif^work much more 
expeditiously and effectively than dilute oijes; so that 
a belter result will be obtained by putUng in as large 
a quantity of the material as passible, thus leaving less 
space to be filled up with water, than by boiling a 
smbller amount with a more dilute solution. o 
• After the boiling is completed, the steam from the 
blotj-off should be used to heat the water to be \^ed 
for washing. 

When all thp spent lye ha* been run to the roaster 
taijks, assuiping that it is to be evaporated and re-’ 
covered, the grass should be treated with hot^^watfe^ 
the hotter the better, a*s when hot it frees tHb fibres ^ 
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from fne fatt^ ,antl soapy substances which still cling 
' to \!fem. 

After standing’for soyie time, this first water, as it 
is usually termed,* is also run to the rftaster anS the ' 
boiler filled with ejean cold water, which,is allowed 
to remain in tontact with the fibres, until *t is required. 
When this last water is run ofi' it may be pumped 
the blow-olf tank, there to be healfcd by the blow-off 
steam, and used as a first*water for the next 
boiling.. 

In some mills the grass is taken straight from the 
bailer to the pqtcher, where it i^ washed by means 
of a drum similar to that used for washing rags. ^ 
Many paphr-makers object to this method of washing, 
as la large proportion of the finest fibres are very 
liable to pass tInou§h the meshes of the,wirecloth 
covering and be cahicd aviay «N\lh the washing water. 

^ery gogd results, both fjr cleanliness and yield of 
fibre, are obtained when the grass is washed in^a 
system of tanks connected together in such a way 
that the water after rising to the top of \he one passes 
tp the other, and so on to the end of the series. The, 
motion of the water is so slow that sufficient tinfc is 
giv|n to clean the grass withoat carrying awaj^ the 
; finest fibres. 

When the grass in etfctf chest j^s washed clean, the 
pipe connecting it with the next one is,crosed, aid 
• tjit water drained^ away through the perforated false 
, bottom formed of iron plates. The grass generall]^lies 
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in the chest for twenty-four hours, but canrbe washed 
much quicker when required. 

Another system of washing, said to give very good 
results, is that of treating the grass ifi the boiler with 
cold water ujider pressure. The pressure is main¬ 
tained by a forc*e pump, and the outlet is fnto 9 tank 
above the boiler. This water caii be heated and used 
to wash.the next boiling. 

In some»mills the grass is washed in the hodet by 
blowing a blast of air into the water, and thus creating 
sufficient agitation to^free the fibres from the non- 
‘ cellulose substances which still cling to them. In this 
a boiling can be well washed in four hours when 
the water is changed three or four times. The chief 
advantage of washing in the boiler, lies in the saving 
gf time ai^ labour effected, as comjiared with the 
washing in tanks. 

When steam is used to, aid in bringing* up the 
colqjtr great care must be taken not to overheat, or 
the strength will be impaired and®the colour go back. 

■ Eight cwts. of gfass, reckoned on the raw material, 
shoultf be perfectly bleached in about 2 or 2^ hours 
with about 8 per cent, of bleach. 

The pleach should be 'run in with the^ wfiter whilp 
furnishings and when* full the steam, should be turned 
on. When the heat up, ifhfch will be in about 
twenty minute*, it should be^ turned off. The steam 
cocks should be perfectly tight, as if thgy allow stegm 
to pass when shut the grass will be in danger oftteing 

4 , 
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overhea{eclji and this is especially so when it is left 
standing in the potcher for any length of time. The 
same care must be taken in using tlid antichlor, af is 
necessary with Tags, that no excess ' be present. 

It is the practice in some mills to run the grass over 
the prfsse-pdte before bleaching, so thk the wire may 
. not be damaged by the acid set free when the antichlor 
deeWposes the bleach. Unless the grass has been 
properly, boiled, the roots and hard ends wSl not yield 
to the action of the bleaching solution, and owing to 
the hardness of the fibres they will not go through 
' the plates of the presse-pdte strainer. 

Though the percentage of cellulose contained in str|w 
is nearly as high as that from esparto, the yield of 
Available paper-making material is not so high. Owing 
,,{0 the chemic^^nd physical characteristics of straw* 
,it requires to be boiled with a larger proportion of soda 
than is necessary for esparto. The compound cellulose, 
which constitutes the basis of the straw plant, con^ns 
a greater proportiofi of lignin than the esparto cellu¬ 
lose, and ligno-cellulose is much less*susceptible to the 
reducing action of the caustic than pectqjcelluiose. 

In addition to this, the knots must.be so Tedhce^ 
jt boiling" that the bleachingf solution will beoai>le to 
saturate them without using au excessive quantity, 
“fhe effect of this extra soda |s that the finest fibrei 
are liable to be carried ,away with the washing water,' 
and thus the [deld is ofteq cs much as 10 per cent, 
less tkan that from' esparto 
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Straw IS usually boiled in rotary boilerj, by iTsing 
them ttte pulp is‘so reduced as to Wn through a pijte 
into bie steeping tanks, and thiis tb’; lifting from the 
boilers m saved.* The boiling pressi^re is also higher 
than for grass^ fifty to sixty pounds beii;g often employed. 

The boiled straw may be washed in lafge cement- 
covered tanks, and after draining be dug opt and taken 
to the potcher to b# bleached in the ordinary *ay. 
When it ir,to be used in the mill it may be run straight 
to the bleaching house to drain until wanted, Ijut it 
is usually run over the presse-pdte in the same way 
as grass. 

Papers made fiom straw are, owing to the hard 
nature of the ultimate fibres, very hard and* brittle. 
This want of flexibility is as much owing to the smooti% 
Jiighly-poljfhed surface of the fibrSs, as to their short¬ 
ness and stiffness. When 5 or 6‘per cent, of gooJ, 
clean straw pulp is used, th| paper gets a filler grip 
and rattle. 

§traw also helps the sizing, pnobably owing to the 
; pores of the papa- being filled up with the fine fibres, 
as mfich as to its hardness, but it is not suitable for 
papers which are wanted to bulk well. 


Anauvsis or SiitAW (Muller). 
f Winter whea^ 

Cellulose . . 4660 pe^ceat. , 

Tatandwax . • 149 „ . 

^9Ul«u8 extra^a . . £-07 „ . 

lfo*<ellu]j>se' or lignin . 28 49 * „ . 

Woler .... ^85 „ . * 


Winter lye. 

47'69 per renfc 

>■93 .. 

005 , 

2675 .. 




CHAPTER VI. 

UEATING. 

Jt is an accepted principle that in order to produce a 
*paper which will have strengtii and tearing strain 
the fibres must be kept long in the beater; and more 
especially does this apply to such thin papers as banks 
and loans. While it is quite true that long fibres do 
^ive these qualhies'to the papers made frqpi them, it^ 
is also true that tHe fibres-may be kept long and yet 
the papec produced possess less firmness and tensile 
strength than if they had been kept finer. ^ 

Whether the fibres be long or short when they 
reach the machine, the properties of the paper made 
depend on the treatment they receive during th^ first 
hour-and-a-half in the beater. If the roll be put sharply 
dqwn on the plate at first, the fibres, while still refining 
their length, will become weakened, and thetsheet will 
hive a raw, soft feeling, which even the addition of 
more than the usual amount of starch }vill not jover^ 
come. 

Such stuff is generally termed "fast” or "free’ 
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and though for certain classes of papers^ s^ch as%ick 
cliroinds and litttos, the thickness* of which renddjjs 
strength and firmness in the ultimate "fibres a matter 
of less importance, free stuff is desirable, yet the 
beater-man ^hould try to temper the stuff so as to 
preserve as far* as possible the original strength and 
elasticity of the fibres. 

The rawness reftifed to is also very noticeable in 
papers made from esparto, to which have been added 
I or 2 per cent, of strong rags. In the beating of, such 
stuff, especially if tl^ paper be thin, the idea that 
length means strength is often so much developed that* 
when the pulp reaches the strainer a large proportion 
of the rag stuff refuses to go through. 

A little consideration of the subject will show that 
Jhe bebavipur of the fibres under’ the*influence of the 
shake, as they are carried along th*e wire, has a great 
deal to do with whether tj;ie sheet be strosg or the 
reverse. If a sheet of thin paper be placed under the 
microscope, it will at once be seen that there exist 
between the fibrtS spaces which seem to be filled with 
some*transparent non-fibrous material. 

^ The longer the fibres the more apparent do the spaces 
becomf, and, however minute, their presence must tepd 
to weaken the sheet. When the fibres are a shade 
finer, the finest of them will, Under the influence of ftie 
shake, settle down into these spaces, thus making the 
sheet more closely felted. 

This is the reason that, when using broke ft®m the 
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edgdrunner, ,so large a proportion of the loading is 
carried in comparison with the amount retained when 
no broke is used. .Edgerunner broke is generally 
reduced to suclr a state of fineness consequent on its 
having been under the action of the roU so often that 
it floats oh the surface when on the wire; and in ■ 
addition to (he shake, the suction of the pumps tends 
to draw the very fine fibres vfnich compose it into 
the spacre referred to. 

In, filling up these spaces, not only do the fine fibres 
greatly assist in making a close ^d evenly felted sheet, 
"but by their presence they also prevent the loading ‘ 
materials from passing through the meshes of the wire 
as they'would otherwise be very liable to do. 

'It is in the making of such papers as banks and 
loans that the Kl effects of keeping the stqff too long 
become most apparent; and this is especially the case 
il the strainer plates used for the ordinary fine stuff are' 
expected to take through the long rag stuff equally 
well. 

The rubbing of the plates which is'essential in such 
circumstances, in order to keep them from clogging up 
altogether, has the effect of completely' spoiling- what 
would under other conditions be a clean, strong^ sheet, 
by peppering'^it with ^frt and knots. Only those who 
hive had the working t»f«-such stuff egn fully appreciate 
the improvement which a finer engine .will make in -, 
regard to the appearance "'and ^strength of the sheet i 

It ttill be more mellow, strong, and clean, and SQt ■ 
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least of the advantages derived will be fhc giviiig of 
more time to tha machine-mar to*r’in steady weig^jt, 
unhampered bx the flooding and thinaing which alte 
un'avoidable in speh a case. 

In preparing stuff for thick papers, such as chromo 
and litho prmting, the roll must be putodown from 
the first, that the stuff may be fine and free,*and so 
part with the water* easily and give a close, evenly 
felted sheet. To insure that the stuff will not be too 
soft, it should not run more than three or three-and- 
a-half hours in the beater. 

Stock intended fcfr thin, strung papers must be^ 
drawn out and milled in the washer for at least six 
Mburs, and in the beater for ten or twelve hours. 
Blunt plates and rolls are necessary for the milling 
of such stuff, as a sharp plate or roll would cut 
|it up too much, and, making it fsee, prevent it from 
softening properly. 

In preparing long greasj stuff, intermediate beaters 
pdhsess this advantage; that b^ having*blunt plates 
u)d rolls in the ^rst engine, the stuff is milled in such 
i way as to render the fibres long and flexible, and 
lapable of iniparting a soft, silky feel to the papers 
made from them; while in the second engine they can 
be leSuced to the required length when, they are' in 
such a condition owing to tljp Jirst treatment that ^e 
cutting action of the^ sharper tackle will not impair 
their strength. 

Several engines havihg the same en^ in view qfemsed 
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in A?ierican‘paper-mills; and one of these beaters, or 
“^perfecting' engines," »s they are termed, is becoming 
pVetty well known to paper-makers in this country 
under the name pf Marshall’s perfecting enginS. 'i*he 
author was running the machine lo which it was 
attached when first tried in the mill where he served 
his apprenticeship, and had therefore a good oppor¬ 
tunity of judging its merits. t, 

The engine consists of a cofiical cylinder„thc inside 
of which’is fitted with steel bars in mucli the same 
manner as the bed-plate of the beating engine. 
.Inside this cylinder a conical rol^ also fitted with steel 
knives, revolves at a high speed, and as tlje stuff 
passes between the roll and the bars on the' inside 
of the cylinder, it may be reduced to any degree of 
fineness. On r^?ching the end of the shelj, the stuff 
ib'made to pass between a Revolving and a stationary 
disc, both of which are fitted with knives. 

The action of this disc or Irush, as it is called, 
serves to rub out ajl knots’ and chips in much tlie 
same way as docs the rubbing of ihe roll in the 
ordinary beater. This' beater possesses all the advan¬ 
tages of the intermediate system, while requiring Hiucli 
less space apd driving power compared with it. 

In the preliminary trAtment necessary in the ordi¬ 
nary beater, before passing the sti|ff through the 
perfecting engine, the roll should be let down Jo a 
little more than a rub—ju^ sufficient to mill the stuff 

. 4 - 4 

is gir fkat is required, Whefi emptying to the chest, 
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from which the perfecting engine is supplied, fcuch 
less water must* be put dowW tHaii is usual when 
emptying to the machine chests; the feason for this 
being tRat the thicker the stuff is in itsepassage through 
the engine the better does it accomplish its work. 

As the pulp fcfter passing through the Agine flows 
into the machine chests in a continuous stream, the 
weight is more con^nt; and when it does alter*one 
way or anather it does so very gradually, thus insuring 
that the machine-man will notice and correct it before 
it can have much effect on the sheet If the pulp 
contains a large proportion of grass, it shouW be 
diluted by running in a stream of water as it leaves 
the perfecting engine, and thus prevented-from Tunning 
into knots in the chest 

^ When t|je stock consists of materiate which are not 
fitted to bear the same boating stfain, it is better to 
beat them in separate engines. Of course Jt is not 
always convenient to do this, especially when the pro¬ 
portion of strong or weak stock# is small. To treat 
such a small preportion separately would keep back 
the other engines too long, in addition to changing 
the proportions in the finished sheet. 

In ojder to reduce good Spanish grass t* fine stuff, 
it requirest a firmer treatment Rrjfh the All than most 
of the rags which are mixed vAhf it would get if treatld 
in a separate engine, and this should be taken into 
account when selecting ^e rags to be psed along with' 
it, When the stock consists wholly or in largf pro* 
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portfen of cfiemical wood, the engines must not be 
hsavily loacfed nor 'allowed to run lo«ig in the mill, as 
t( 5 e wood is rtdueed _ very easily and soon bcLomes 
greasy. 

For medium weights of all wood-papers three hours 
is quite sufficient, and for the lightest weights eight 
hours. * When it is especially desired that the paper 
should not crack when folded t 4 e time may be ex¬ 
tended to six hours; but in tlfat case the n^^chine will 
have to go slower in order to allow of the water being 
taken out. Some wood pulps, however, are much 
•more, difficult to soften than ofhers, and even after 
milling for a considerable length of time still tend to 
be free,' This is in all probability due to the treatment 
ip boiling or bleaching, or perhaps in both, having 
been too drastic, with the result that tjie natural 
Vasticity of the filfres has .been impaired. 

* When paking unsized papers it will be noticed that 
the sheet tears much better than a sized sheet from 
fibres of a similar fineness will do. This affords conr 
elusive evidence that, within certain* limits, it is the 
, flexibility and softness of the fibres, more than'their 
length, that give tearing strain to a sheet. • 

, The unsized fibres are not coated with’ the jjsinate 
of alumina usid to sizf Vith, and therefore retain their 
natural elasticity and*te»isile strength. When under 
the action of the shake the unsized fibres are more 
^•closely felted ^han would be possible were they 
stifientd by the size-coating, and this is more notice 
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able if the sheet be torn across the insteSU of 
down its length. 

When a sheet of paper is torn the* fibres are not 
broken, they are* simply pulled asunder, and it is for 
,this reason that it always “skins” better when tom 
down the wire* than across its length. * Stuff for 
blotting-papers must be cut up as quickly as possible 
in the hpater, and nJh not longer than an hour Snd 
a half in the mill. The beater must be light loaded, 
and the stuff kept constantly travelling, otherwise it 
will not have a uniform absorbing-power. 

Soft cotton rags are generally the stock from which 
blottings are prepared. Manilla hemp, owing to its 
soft, lustrous nature, and the width of the centrJl canal, 
should, with proper treatment, be possessed of good 
absorbing gualities. 

Whatever be the shape er size if a beater, it must 
be so constructed that no s|uff will lodge in.any part 
of ft, and for all-round work it must have a roll heavy 
enough to thoroughly soften thetpulp and keep it in 
constant motion.® If a beater of large capacity is 
desirdi, Forbes’s patent double-roll beater possesses 
gll the requirements, with the exception that the rolls 
are njof^heavy enough; but with heavier roHs, and the 
speed of the lifter no/aster than js necesShry to ensure 
good travelling, tiie pulp predated will be of a vefy 
“aniform character. 

-it is the practice in ^ome mills to i^ash the inside 
of the beating engines with soda ash, and even Austic 
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lye, •When changing colours, with the result that the 
smooth skin, whftlt coSts the sides, 'is rendered quite 
rough. This roughness retards the 'passage of the 
pulp in a way that is almost incredible to those who 
have not witness.ed its effects. Not onjy does such 
washing irfllerfcre with tiie travelling* but it is the 
worst thing possible for causing rust spots to appear 
in the paper. 

Under none but the most exceptional cirftumstances 
should the rolls or sides of the beaters be subjected 
to any washing or scraping which will tend to break 
•up the enaniel-like surface whfch, if let alone, the 
continual contact with the moving stuff, and the 
chemicals contained in it, will impart to them. Under 
the ordinary conditions of working, beater-rolls should 
run from eighteen to twenty months after Jlling, and^ 
lied-plates from ten*to twelve weeks. 

Should, the plates be r^orked for a longer period 
than that, the roll has to be put so firmly down, in 
order to make fine «tuff, that the driving power is 
taxed to the uttermost, and, in additiem, the stuff, from 
having to be kept a much longer time in the engine 
before it can be made fine, is very liable to become 
too soft • ^ 

As a result ^f the ipfi-eased demand for the cheaper 
grades of paper, conaisSng wholly pr in large part 
of wood pulp, the tendency in beater construction has 
teen towards Jhe production, of beaters of larger 
capacilj'; and no doubt, when it is possible to arrange 
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for long runs on one grade of paper,, Uiese ferge 
engines possess dfeveral distinef adVantages. 

The colouring of a larger body of pulp at one time 
tends to regularity and the prevention <3f shades, while 
the pulp is mijch less apt to become tpo greasy, owing 
to the fact that ft has much further to trav’bl between 
each contact with roll and plate. The pecessity for 
the prodiiction of fre? ^ufF which will allow of qtlick 
driving an4 a close even sheet has led several paper- 
making engineers to design beaters in which the, roll 
is placed so as to be ^uite clear of the pulp, the latter 
' being supplied in some instances by means of a ssrew, 
and in others by a circulating pump. Perhaps the 
most popular of these new types is that kn^wn as 
the "Hibbert” beater, which also combines the beating 
|nd refinisg, and has been largely adopted in mills 
making long runs on wood pulp p*apcrs. 

It must not, however, be assumed that, b^ause for 
certain grades of wood pulp or esparto,papers the 
newer type of beating engines offer advantages, the 
Hollander type has been rendered obsolete. The fact is 
that tfie tendency to specialise is becoming much more 
notiteable, witT? the result that makers, having proved 
that a pertain type of beater suits the special papers 
to which diey are turning their attention, ^re installing 
the particular be."ter when ojljjcfrtunity offers. 

The problem which confronts the paper-maker when 
called on to decide on, the type of |cater to adopt 
must depend for its solution on the special rd^uire- 
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meifts of ihp paper he desires to produce, and th^ 
power at his disposal for beating purposes, together 
with the physical properties of the raw materials to be 
employed. In brder to produce from, say, esparto, a 
pulp which would be capable of settling^ down quickly ' 
on the mal'hine wire, and making, uiWer the influence, 
of a mediuip shake, a close, mellow paper—which; in 
vieW of economical production, iflust be turned out at a 
quick speed—the roll and bed-plate bars wauld require 
to b.e somewhat sharp, in order to shorten the fibres 
sufficiently without rendering tliem so greasy as to 
retain the water too long on tlie wire. The circulation * 
must also be well maintained, and for the preparation 
of sucB papers the new type of beater offers distinct 
advantages, as, with the independent circulation, it is 
possible to arre»,t the flow of the pulp when it is fully • 
prepared, and thus avoid getting it too greasy. 

Most practical paper-mjkers will be ready to admit, 
however, that a beater which is eminently fitted^for 
the production of fifce, free stuff, will not of necessity 
produce as good results, even undei' skilful manipula* 
tion, when working on, say, chemical wood pulp for 
the production of a paper such as the thin Kra^ 
papers, in which the indispensable requiremeiits are 
toughness a 5 ?d flexibiiity, together with the mellow 
appearance characterfstR; of wjll-milled greasy stuffs , 
from the Hollander type^ * 

Notwithstaniing the degree of nicety with whicli,^ 
the ftll can be raised or lowered, and the "meansi.** 
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thus at hand for regulating the superficijl pressure 
extrted on the uftimate fibres fhey pass b^tweef 
the bars of the rt)U and the bed-plate, the pulp produced 
with sharp bars 1^ invariably weaker, ind (though the 
ultimate fibrej may be a fair length)Jacks the greasy 
well-milled feelVhich is indispensable fot' the pro¬ 
duction of thin, tough papers. This inlqriority is all 
the moroi noticeable slfti^d the stock consist of strong 
rags and w«od pulp, as the already disintegrated wood 
fibres are too much cut up by the treatment necessary 
to open out the fibre ^undies of the rags. It is well 
known that a light beater roll will draw out the ffbres 
much better than a heavy one, but that, in order to 
produce equal results iii the reduction of the"* fibres, 
the light roll will take longer time. The wholtf 
Question raally lies in the superficial pressure exerted 
by the roll, and with slmrp bars the pressure is 
increased in proportion as, the area of th& bearing 
an^ cutting surface is reduced. 

For the production of the higliCr grades of writing 
and printing pajfers, in which the appearance is so 
important a factor, the best results will be obtained 
yitlf bars about one-sixteenth of an inch on the face. 
This will be found to hold good whether the half-stuff 
consists of rags, esparto, or wood; and as the demand 
for cheap, sniart-lookini; papeif stems to become more 
J^onounced, such conations^are likely to govern the. 
type of whatever innovations may appear in beater' 
^construction. It will be generally admitted thlt for. 
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goofi all-rcwijd work the medium si^e of beating engine, 
tarrying from 506 to*7oo lbs. of sfuflT, is undoubtedly 
the best, altHough, as mentioned above, beaters of 
larger capacity ‘ possess certain adjuntages tor long 
runs' on one qualify of pulp. ^ 

While ifo hard-and-fast rule as tb the conditions 
of the bars, can with any safety be promulgated, it 
wifi be of material assistance^o paper-makers who 
wish to determine the most suitable conditions of roll 
and bed-plate bars, for the treatment of any particular 
half-stuif, if they will set to work and find out the 
exadi relationship which exists between the state of* 
the bars and the amount of superficial pressure exerted. 
betweeTi them when in contact with the stuff. To state 
the matter crudely, the smaller the area of the points of 
contact, the greater the pressure exerted oa the fibre^ • 
and vice versa. 

With n view to testing the difference produced on 
wood pulp jpapers by beating the fibres under a low 
superficial pressure,Hhe writer has substituted a solid 
block of granite for the usual bed-jHate of steel bars^, 
with excellent results. The experiment was first tried 
with a beater of the usual Hollander type, canning 
from 450 to 500 lbs. of pulp, having a roll 4211 inches 
on the face, with 72 bars drawn out to one-eighth of an 
inch on the face. The*plate c^ntaiaed 26 bars, also 
one-eighth of an inch wide on the face. ’’ The granite 
block gave a Ijcaring surface pf 42 inches by 8 inches, 
and tfas hollowed out to suit the sweep of the roll, . 
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with the result that the ultimate fibres ■.vcre 
out, as they were ^wept acrossf'hai granite 
' the action of the,roll bars. 

By substituting; the solid block the superficial 
pressure is thus r^luccd to about one-third, while the 
number of cuts ppr revolution of the roll iu now 72, 
as against 1872 with the steel plate. 

The advantage gaiiu^ in beating half-stuff, whiah 
already contains a sufficW.nt number of short fibres 
to impart the desired firmness to the finished sheet. 


wit!,out the necessity of further shortening them,' is 
t^ery considerable. Affer a trial ''Xtending ovej^ a 
period of eighteen months, the net results of preparing 
stoclf, which is wanted long and tough, undar the 
lower supe. ficial pressure, and with the cutting power 
BO much reduced, showed an increase of 30 P®'" cent, 
in^the strength and firmness, of the»papers produced, 
together with a very considerable increase in the turn 
out, due to being able to get tfie stuff out in a shorter 
timS Originally intended to draw^out sulphite wood 


without cutting it, tfee method was tried experimentally 
bn strong rag stuff, and with such good results that 
it was addfted ."or beating fibrous materials, such as 
sfrong cotton and linen rags, hemp, and jute. The 
increasie of |trength is most noticSable whei* the furnish 
consists of a mixture of fibres yhjch present a variety 
of characteristxs as to •length and resistance to the 
knives, as the weaker fibres'are not ^rendered too 
bhort before the stronger* ones are sufficiently dijpiwn 
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ouf. This inci'ease in the strength of the finished sheet 
, was so marked in one instance, that when the machine 
started up with the stuff prepared under the new con¬ 
ditions the paper was considered gh much above the 
usual quality that an additional quantity of loading 
was ,added to bring it to the desirtfd standard. 

Not the .least advantage in v or ;ing the solid block is 
that the stuff from strong m^*^t?ials can be cleared much 
better; and though the individual fibres retain their 
original length in a much larger degree, this freedom 
from knots has the result ^of making them pass 
thfough the screens much more readily than fibre'g 
which have been cut short without being sufficiently 
drawn out and set free from the fibre bundles, as is 
often the case when long stuff is prepared with even 
moderately shlrp tackle. V/hen the block is made, to 
fit the “den” exactly, it becomes a very simple matter 
to substitute a block for a plate, or vice versd, should 
the particular requirements of the paper it is desipable' 
to produce rendeP it advisable. Should the blocks 
become worn smooth, as they do‘'in time, it is well' 
to have them picked on the surface^^as in this way 
they retain the stuff better, and the beating can jiej 
accomplished in shoi^er time. 

^ When tried against steel plates, the ift’riter foupd^;' 
that with rough blocks a better quality of paper .couKf^ 
be produced in six hours than could be obtained, 
eight hours ^6m steel plates. 
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LOADTl^O.—STARCH.-COLOURING MA TTER. 

loading.—It is not an uncommon idea with a great 
% 

tnany people that, in adding loading materials terthe 
paper in the process of manufacture, the paper-maker 
is actuated by a motive akin to that which prompts 
the dairyman to water the milk. 

• ,,Though the percentage of loading iA some papers^ 
would seem to justify such an opinion, yet, as a rule, 
the loading is added with a distinct view to making the 
pagfr more suitable for the particular purpose to which 
it is applied. In the case of printing papers especially, 
the addition of i5 or i6 per cent, of loading, by 
making them more absorbent, enables them to print 
much better, and lessens in a considerable degree the 
friction when in contact with the ^ypes. 

,^^The first*thing that the paper-maker must take into 
jOOBsideration when selei^ing a foa'ding material is that 
Its chemical nature is such thgt when in contact wth 
free acids or chioriae compounds,* liable to be 
lliieseDt in the duId. no chemical or nhvsical change 
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will result. • When that has been satisfactorily settled, 
*Jthc next requirement* to be looked'to is freedom from 
sand or coarse particles, which would tend to impair 
the value of tfie paper; and lastly,.'the colour should 
be bright enough to blend with the shades of paper 
for wh'ch*' it is intended. * 

Kaolin, or china clay, as it is usually termed, is 
the loading usually cmployej*.*fTi the making of news, 
printings, and the lower qualities of writings. The 
clay is made into a thin cream with water, generally 
in a che.st fitted with a revolving agitator, so that 
wh^n furnished to the engine it will always be of 
the same consistency. Some paper-makers mix it 
with resin size, the idea being that in this way it is 
more firmly held by the fibres, and less liable to 
pass through ‘the meshes of the niacliine »wire. • 
Before running'^into thd beater it should be carefully 
strained, so that any sard or iinground particles may 
be kept bqck. The sieves used for this purpose sh;puld 
be very fine, as eVen the best grades of clay contain 
a considerable proportion of extraneous matter. 

China clay, in addition to enabling the paper loaded 
with it to take up the printing ink more rapidly, helps 
materially in bringing up the surface when cafcridering, 
though from its power of absorbing moisture the 
finish thus obtained fs liabl^ to go back if exposed 
in a damp atmosphere^ Should an excessive'amount 
be added, dr if it has hpen imperfectly strained, 
the* pressure of the calender rolls will have the effect 
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of squeezing the coarser particles out agd leading 
the sheet pierced with innuucrdbfe very minut^'^ 
holes. 

The sizing and* feel of clay-loaded papers are never 
so good as with p.ipers loaded with such materials as 
pe'arl hardening 6r barium sulphate, nor do* they bulk 
so well. Heavy chromo and plate papers o/ten contain 
as much as 35 to 40'^r cent, of clay; and though 
such a large amount is very apt to cause “dusting” 
in cutting and printing, the impression obtained is 
much more clear, and the colours are absorbed more 
Rapidly, than would be possible with a smaller •pro¬ 
portion of loading. 

For the better qualities of writing pape*t%, the 
materials used are calcium sulphate, sulphate of barium, 
■bmum chloride, and agalite. 

Calcium sulphate—or peari hardening, as it is usually 
named—is generally clean enough to be addqd to the 
engine without straining, and is added in the dry state, 
and owing to its fiimer nature the sizing is much less 
impaired than witlt clay. In addition to its hardening 
properties, it imparts a purity of shade to the paper, 
whicii makes it very valuable as a loading for the 
finer quflities of writings, in which look is of the first 
importance This brilliancy is< also possessed by 
barium sulphate, but as^it is n^t'usually so free from 
dirt it is riot so suitable for hig^-class papers. 

Barium sulphate, owing to its high specific gravity, 
U not carried so well by the stuff, and whop diTuted 
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to tfie consistency usual in the sandtrap, a large pro-* 
■•jportion' settles Out and adheres to .the bottom of ihe 
spouts. This; together with the amount which passes 
through the wi.-e and is deposited on the Bottom of 
the save-all, reduces the percentage carried to about 
30 per ceKt. of the amount actually ;d(led. It should 
be mixed with water and strained before being put into 
the engine, otherwise a larg^mount of dirt will be 
carried into the paper. ^ 

A paper, weighing equal to about 4olbs. demy, when 
loaded with clay to show 19 to 20 per cent, on 
bure'ng, will carry as much is 8$ per cent, of that 
added to the beater. Should such a paper consist of 
a large proportion of edgerunner broke, the amount 
1 carried will in some cases be as much as go to 95 
per cent. , 

It must be bol-ne in .mind, however, that when 
edgerunner broke is used, the amount added to the 
engine will contain as much as 15 to 18 per 
cent, of clay finally fixed on the fibres by the 
previous sizing and drying, so that the percentage 
of that added as clay, which is carried in the'paper, 
is not so high as it at first appears. *'Heavy ch’tomo 
papers burning 35 to 40 per cent, of clay yrill noV 
carry mor< than per cent, of the amount 
4(lded. , 

This is owing to the beating of the stuff; which ia 
cut up very quickly and thus rendered very fr«i 
couified with the fact' that the machine wire 
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travelling so slowly gives more time for the loading 
to be shaken through the mes’ies.* The percentag 
of barium sulphate carried will seldo&j exceed 35 
per cenf.', while* pearl hardening will usually turn 
“out SO per cent. It is claimed ^that by using 
chloride of barium, and adding a slight * 0 X 0683 of 
alum or alumina, sulphate of barium will be* pre¬ 
cipitated on the fibre.'^n such a way as to enatlle 
•them to retain it much better, and so increase the 
turn out. 

Agalite is the only loading material apart from 
ground wood which eSn claim to be more thaw a 
loading, on account of its fibrous nature. 

Agalite is prepared from asbestos, and retaftts the 
ibrous nature of that substance. Owing to this 
the loss in passing over the wire is giuch less, and 
indeed it is claimed that in ordinary circumstances 
as much as 99 per cent. |s actually carried. By 
using agalite the surface is much improved, owing 
to Its soapy nature, and the si/iijg is not impaired 
as with china clayt 

It has the drawback, however, of making the paper 
loaded with it very greasy, owing to the size having 
become ^xed in the pores, and retaining the water 
very obstiaately. 

Starnh.—^This b applied to papers in the process 
of manufacture for the same reason as* it is used by 
^ housewife in preparing collars and cuff? for irdhing 
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and' glazing—namely, for hardening, and enabling 
them to resist the cfTects of mdisture, as well as 
for imparting a high ‘polish in the subsecjuept glazing 
process. 

In some milb it is the custom to boil the starch 
with, the rcsinate of soda solution'before adding it 
to the pulp, as in this way a larger percentage is 
retained by the paper. Wi'^n applied in this way, 
the paper, though taking on quite as gcwd a surface, 
has not the firmness and rattle obtained when the 
starch is added to the p^lp in the dry state, 
or merely dissolved in cold water, that the impurities 
liable ^to be contained in it may be kept bac|( by 
putting it through a fine wire-cloth sieve. 

, Colouring Matter.—Notwithstanding the purity 
colour that can be obtained by a judicious use of the ‘ 
bleaching solution, very <few even of the finest qualities 
of white papers are made a " self-colour.” The colfjirs 
used for brighterftng or enriching the majority of 
cream coloured papers are ultramarine and carnation. 
In order to ensure uniformity of jhade, a certain 
standard should be fixed for each of these coiourg; 
and thus, by comp|rison, the colouring jfower of 
jicw brands which may from time to time Tie brought 
In can be at once (Jeterminei^ The standard sample 
may cither be prepared by mixing a known quantity ‘ 
of the colour^ decided upon* as the standard, with a 
measured quantity of fine starch or pearl hardening j 
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or by dissolving a small portion in hot ^ater, %nd 
saltirating narrow? strips of ivhife blotting papei^' 
with the^resulting colour. 

By treating e(Jijal weights of the new samples in 
exactly the ^me manner, taking care always to 
preserve .the saihe proportions when dissolving, an 
accurate idea of the relative colouring p(jwer can at 
once be abtained, anc^ short calculation, based on 
the amount of pulp coloured by the standard, will 
enable the papermaker to determine whether. the 
colouring power of th(^ new sample is in proportion 
^o its cost. 

^;^e behaviour of ultiamarine—or, to use the best- 
known name, blue—with the alum solution used in 
the mill, should also be ascertained, by allowing a drop 
't(j remain in contact with a diluted sSlution of alum 
or sulphate of alumina for ^ sufficient length of time 
to show whether the colour *wojld be aifected during 
th^ contact necessary in the beaters, machine chests, 
and sizing tub. 

Blug should always be dissolved in hot water and 
carefully attained before adding to the pulp, so that 
flo Insoluble particles may be fixed on the fibres, 
and appear as blue specks on^the under side of the 
sheet. TT) ensure that the colour will Se uniformly 
distributed, when a <^nsider§bfe quantity is being 
used, lialf of the amount necessary should be put in 
just after furnishing, se that it may*be thoroughly 
mixed, while the remaining half should be added as 
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soop as it ■‘has been ascertained whether any altera- 
ktion is to‘be made. 

* Pulp which has bepn left standing in the machine 
chests for any length of time will generally be? found to 
have gone back in the colour whcn'bluc is the colour¬ 
ing matterrused. This fading will bf greater in pro- 
portirfn to the amount of acid contained in the'pulp, the 
exposure to*' light to which it^s been subjected, and 
the amount of iron impurities contained in the water or 
communicated from the rolls and sides of the beaters. 

In some mills the amount added, in order to counter¬ 
act ^,is fading, when the pulp fias been standing frotm 
Saturday night until Monday morning, is equal to a 
third of the colour used to give the desired sh'Sde, 
.while in others a sixth is found to be sufficient. When 
making papers .coloured with smalts, which is unacted 
' Gn by acids, the tiding is very slight, about a halT- 
pound for every twelve pounds left in the chest being 
quite sufficient. With inferior grades of smalts the 
liability to lading i% however, much greater. 

When making delicate, colours the alum should be 
kept out until just before drawing the valve, sb that 
the contact with the colour may bS as limited as 
possible. A very suitable way in which to u|e cochiJ 
ineal is to dissolve it ift a dilute solution of .ammonia, 
i 9 which a little cream 91 tartar has been added. The 
cochineal paste is sometimes dissolved, with the erearf' 
of tartar, in tl^e water Before the ammonia is added. 
Used, in this way there is no danger that the colour 
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^will spot the underside of the paper, as rs^oftenJ;he 
case when the dry, carnation poiydei is used. 

Not *unfrequently when makiijg toned papers the 
iron used To give tJie shade makes the resulting colour 
%30 bright. In su^h a case a glass or two of bark 
liquor added to ttje engine or the che'sts will deaden 
the colour to the desired shade. 

When making greens^-hich colours are usually pro¬ 
duced by combination or bichromate of potash and 
nftratc of lead with Paris blue—or paste blue, as it is 
often termed—the two first mentioned should always 
put into the engine ind allowed to become mined 
with the pulp before the blue is added, and alum 
shouTd be kept out until just before drawing the«valve. 
Before adding the nitrate of lead to the engine care 
should be taken that there are no tratjps of chlorine 
compounds in the pulp, as thp preseace of such would 
cause the yellow colour produced on the addition of 
the bichromate to take on a dull orange tint. 

Aniline Colours.—.Though the advantages attending 
the us^ of the coal-tar derivatives or aniline dyes—tc 
give Jhem th?ir iti6st familiar name—have been knowr 
f?r manj years, it is only within a comparatively recent 
period that these dyes have befn used far colouring 
any but the cheaper grades ofapaper. Thanks, howj 
ever, to the painstakin| and, elaborate investigations 
:Of.the German chemists, applied under*" up-to-date ” 
commercial conditions, these coal-tar colour? have Iseen 
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proliucea ^in an almost endless series of shades, many • 
'^of wliich can corfipa»e favourably with the older forms 
of colouring matter-as to stability,'while for depth 
and variety of* shade they far surjiass them. 

Notwithstanding that from a chemicaj point of viewT 
the varioifs colours are divided into •distinctive groups, 
named respectively acid and basic, their action is not 
complicated to any extent, ^.s a rule, wben using 
the comparatively small quantities neces.sjry for tinting 
purposes, it will be found that both the so-called acid 
and basic colours will give reliable and regular results 
whwir fixed with any of the ali^i compounds in general 

use; and this fact alone is suflicient to ensure the 

• 

adopttbn of these aniline dyes in most mills. It is 
k when using the larger quantities necessary to produce 
the deeper shades that regard has to be given to ^he 
reaction peculiar *to cacli derivative, inasmuch as a 
considejable advantage, ^ point both of economy and 
of regularity, is gained by taking advantage of tjjcse 
distinctive properties. Thus, when making a deep 
scarlet, better results are ensured <f the pulp be first 
dyed with a basic colour such as pape^ scarlet, and 
subsequently, after allowing time for complete mixing, 
an acid colour such as cotton scarlet be ad<fcd. By 
proceeding •thus, tlje acid colour forms ^ chemical 
QOmbination with tht; Sasic d^e, wkh the result that 
a precipitate is formed ^on the fibres, ensuring a fast 
colour and mtfre complete ei^haustion, with the atten’ 
danP advantages of g much dearer backwater. 
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Of the acid group, cotton scarlet is pejhaps «the 
besfr known, and bang largely us»d Ibr the production ‘ 
of deep shades, the question of* complete exhaustion 
and a clear backirater is of the first importance, in 
*ievv of the avoidance of pollution difficulties. Not¬ 
withstanding thak a great many experiments have 
been made in order to determine the conditions most 
suitable for ensuring a^lear backwater when using 
large quantitijs of cotton scarlet, the fact remains that 
it is practically impossible to do so, even when ^the 
utmost precautions are taken to ensure the formation 
«f a lake precipitate on^the fibres. It will be fwSid, 
however, that by obscr-’ing certain precautions a great 
degree of exhaustion may be obtained; and iJhe of 
the most important points is to allow sufficient time 
for complete mixing of the pulp and *he dye before 
adding the sizing solution, •care btfing taken to add 
about twice the usual amouqf of sizing. 

Fresh dyes, it will be found, are much more liable to 
give rise to frothing than if the lids be removed for 
some time. When^ising paraffine for froth prevention, 
care must be taken to avoid an excess, as otherwise 
smal'»spccks of tarry matter will appear in the sheet. 

As a«rule the acid colours will be found to have 
more resistance to light than thq basic cSlours. 

Auraniine may ,be taken af fypical of the basip 
group,‘and gives excellent results, either used alone 
or in conjunction with ,other colours.* When using 
colours belonging to the cosine group, great careihust 
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be* takei\ to maintain the temperature of the drying 
, cylinders as uniforn! as possible, •as otherwise a'con¬ 
siderable variation of shade will result. This variation 
• • 

IS most noticeable when making, delicate shades on 

the single-cylinder machine. 

Dyeing ,to Shade.—As a general rule, the dyeing, 
of paper pulp is conducted jfi a somewhat- haphazard 
manner, with the result that, while i« the greater 
number of instances the methods adopted by the 
papermaker work out fairly well, it not infrequently 
htflfpens that much time is lost and paper spoildd 
through the colours not being right in shade; espjpially 
should the shade be a new one for that partieuW 
mill. Given even an elementary knowledge of the 
nature and pfoperties of the dyes to be used, thgre 
is no reason wify any ‘great degree of uncertainty 
should,exist as to ho\% the colour will work on thq 
machine, provided that the dyeing be carried,,out 
systematically and intelligently. There are two methods 
by which the “striking" of colours may be carried out 
much more expeditiously, and with (wljgt is even of 
greater importance) more certainty, than is p6ssil^e 
under the rule of thumb generally adopted.* i 

To'carry^jut the first of these methods, tlfc apparatus, 
necessary consists dT 9 chemipal balance, a graduated 
burette, three or four b(:akers, and about half a dozen! 
stoppered bottles. For the ^cond method the balance^ 
is that is absolutely indispensable, though the use’ 
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of a small mortar and pestle facilitates matters a gseat 
deah In carrying «ut the first method, which* is re-^ 
stricted to dyes as distinguished from pigments, a 
weighed quantity of each dye of which' it is intended 
^o make up a s^ndard solution is disso]ved in a known 
volume of water and labelled in the following manner, 
according to the proportions of water and dye used: 
thus, “ loq C.C, = I grange” would be the label shoufd 
40 grammes,,be dissolved in one litre of water. In 
i^orking out this method a certain number of cubic 
centimetres are added to a known weight of pulp- 
say .sufficient to weigh *lo grammes when mad^ifito 
paper—and when the requisite dyes are added the 
pulp is diluted, and tried either in the hand "mould 
or along the machine wire, when the percentage of 
each dye can be at once ascertained* In working 
out the second method, the dyes*or pigments are 
weighed off and added to tljp experimental Quantity 
of j|ulp in the dry state, a convenient scale being 
•01 grammes of dye to lo grammes of paper, being 
equal to one pound of dye to i,ooo pounds of paper. 
It is obviou^ that these experimental trials can be 
carried out before the time for furnishing the beaters, 
and so Ihere is no unnecessary delay, in addition to 
securing a much more satisfactory start tha^is possible 
when the beaters have to be dydO ftp experimentally. 

, Of the two iftethodd the writer always uses the latter, 
fWliich lends itself'either tQ the use of dyA or pigments, 
when carefully worked is most reliable. 



CHAPTER VIII. 

HES/N SIZE /lisl) SIZING. 

« 

Of, all the materials used in the manufacture of paper, 
there is none about which tl^ere exists such diversity 
of opinion, both as to its preparation and subsequent 
action^ as that of resin size. 

Dr. WOrster holds that the degree of sizing is pro¬ 
portional to the amount of free resin deposited on the 
^fibres. Othei*'experts, however, claim that the activfe 
sizing agent consists of tlie resinate of alumina, formed 
when the resin soap is decomposed by the alum; while 
it is assertfd by some that it is a mixture of both^ah'ch 
constitutes the sizd'coating. 

* In support of the free resin theoVy, it is clainjed that 
paper can be sized without the use a!i»m or alumina 
by making use of sulphuric acid to decomppsfc tjje 
resinate of soda anc^ liberate the resin. Thtugh the 
jmajority of paper-makers hold the opinion that the 
Vesinate of alumina alone sizqp the "paper, nearly every 
mill has a different recipe for the preparation of the 
size. 
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While the exact chemical composition of ^esin is 
still » matter of some obscurity,, chentists and paper- 
making experts are generally agreed that’ two parts 
of crystal soda are»required to unite wifli four parts 
of*rcsin; while, good soda ash be usgd in place of 
the crystal form, one part will form a neutral'Vesinate 
with four of the resin. 

The following recipe give a reliable size of a 
light brown rojpur, which will be as near as possible 
a neutral resinate of sodaDissolve ninety-eight 
pounds of good soda ash in thirty-six gallons of 
boSing water, and then aid four hundred and twenty 
poundg of powdered resin. 

• The best form of boiler is a jacketed one, aS‘ by 
using it the increase of water, due to the condensation 
of't^e steam used to boil with, is avoided. The resin 
should be roughly powdered‘ by thtf hand, as it is 
asserted that the finely divided resin, prepared by 
using^^ grinding mill, is very liable to form clots on 
being put into the hot soda solution.i. So long as any 
of the resin is undissolved, the carbonic acid, evolvede, 
as it enters into combhiation with the soda, will cause 
the^soltition to frotli up, and, if not carefully watched, 
so as to iheck the steam in time, it will come right 
over the top* of the boiler. 

To avoid this as much as posSbfe, the temperature 
should I* kept no higher than is necessary to dissolve 
the resin in a reasonable ,l?lme. In addSion to pre¬ 
venting the frothing, it is said that the carbonic aciS, 
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when no{ violently expelled, has the power of forming 
a biear^onate tyith, the uncombined soda, which, tends 
to improve'the sizing properties of the soap. * 

When all,- the resin has united with the soda, the 
steam should be shut off, as fuither healing impa’rs 
the strength of the size. To test tfchcther the resin 
ha» all gone into combination, a little of the size should 
■■ be taken'out and poured into a pailful of tepid 
If it is right it should dissolve at once, and on P|^hg 
in the hand there will be no deposit of resin.' If, 
h'owever, the resin has not all gone into solution, the 
^b^ifs on the back of the hVnd will be rendered quite 
sticky by the adhesion of the uncombined particles. 

I/, a further heating does not serve to combine the 
resin, it may be inferred that, probably owing to a 
variation in the strength of the soda, the amount used 
is insufficient, and morif will require to be addcd'until 
the test shows that there is no more uncombined resin 
present. The soap should be run through a sieve j 
before 'being put^ into the store tanks, that any in- 
_ soluble impurities may be remoyed. 

Size prepared in this way will not yield fnuch 1 ^’e 
wheflfeept for a length of time, foS ■ this reason, that it 
does not contain much soda in excess. Th^lye which 
separates*, out contains the colouring njattef of 'the* 
resin and any solaWe impurities that may have been 
introduced while boiling. Tnis lye should be carefully 
skimmed off, and while most paper-makers make no, 
f-rther use of it, it is recommended by others to lies 
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used in dissolving the next boiling, as by usin^ it less 
soda is required. Xhey further assent that the acid 
which constitutes the colouring mattec tends to im¬ 
prove the Talue of the size. 

■ ' ‘A size prepa'-ed ■Srith the proportions given above 
should yield about ijinety-six gallons of undiluted soap, 
each gallon containing nearly five-and-a-half poutids 
of resinate of soda. To .prepare the solutidn for the' 

. beating engine, eight gallons of this strong size should 
diluted with eighty gallons of water, which will be 
equal to half-a-pound of resinate of soda per gallon 
asjurnished to the engine; After having been broiight 
to boiling point, the size thus diluted should be strained 
^throu^ flannel, laid over a fine sieve, before being 
run to the beater store tank. 

By using soda-ash and resin, in the proportion of 
one part of soda to eight parts of resin, a white size 
containing a considerable amount of free resin will be 
produced. A suitable way of making this white size 
IS to boil forty pounds of soda-ash with two hundred 
and seventy pounds of resin in about sixty gallons of, 
water, and when all the resin has been dissolved to 
add fifty pounas of finely powdered resin. When such 
a sfze is <|jluted for the engine, it should be of a bright 
white colour, owing to the amoufit of finely divided 
free resin which it contains. 

f When, in contact with file pulp, this resin becomes 
attached to the fibres in a purely mechanPoal way, and 

■ ffiis, together with the tendency of unprecipitated re^ 
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to foriTK resin spots in the paper, would lead one to" 

conclude that, 'whatever the advocates of free* resin 

sizing may thhik of it, the maker of fine grades will 

best forward' his own interests by seeking to perfect 

the preparation of a neutral resinate^ of soda. Apart 

altogetlA;r from the composition of the sizing solution 

used, whether the paper be well sized or the reverse 
« * 

depends, to a great extent,/r3n the mode of tre.atment 
in the beater. 

^ When the engines are hcavHy loaded with as much 
stuff as possible, the ultimate fibres do not come under 
thf cutting action of the kiSives, owing to the body of 
stuff between the roll and the plate, and thus,^though 
well' hammered out, the original form and elasticitji- 
of the fibres are preserved. Stuff prepared in such 
a manner will size well for two reasons, which, will 
be readily understood. ■ 

Wljen such stuff is ^carried down the machine wire 
it retains its water very obstinately, and thus siii^g' 
coating is well fefced among the fibres before the water 
ris drawn out by the pumps. The loss of size with 
the backwater is therefore very small^ The strength 
and flexibility of the fibres enable them to felt closely 
when coated with ^the resinate of alumina,* and thus 
a strong,Veil sized paper is'produced, with the usual 
amount of alum aitd ^izc. ^ 

With light engines^ the body of sfuff between the ‘ 
roll and th*e plate is mijch thinner, and thus the 
ciitting action is more drastic. The result is that, 
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in addition to being reduced in length, the tibres .ye 
burst open, and thus,lose much of |heir felting power, 
at the same time being rendere^l very free. Free 
stuff parts ^ith the. water very easily, artd thus much 
oP the sizing is lost on the machine, while the 
weakness, consequent on the treatment of the fibres 
in the engine, is also a great drawback to making a 
firm, strong-sized sheet. .. 

To get the best results in sizing stuff prepared in 
light engines, the roll must be very carefully put 
down, or the very life will be knocked out of the 
fibres, and the stuff wilt froth and “bell” on,the 
wire, in addition to being poorly sized. 

, UntiT within the last few years potash a'um>oWas 
almost e.\clusively used in the sizing of superior 
papers, owing to the difficulty in obtaining sulphate 
of alumina from which free acid and iren impurities' 
had been completely separated. 

Crystal alum consists of a double sulphate of 
alumina and potassium, united together with 24 parts 
of water, as the following formula will show;— 

■ O 

, Al, j;.SO,)3 K,S O, + 24 11,0. 

It contaii^ only about lO'S per cent, of sulphate of 
alumina, and is thus much more*expensive than the 
sulphates of alumina. 

Sulphate of alumina is not a chemical compound 
of a definite composition, as the alffmina varies 
between 2 and 3 per cent., though that purchased 
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fr«m reliable makers generally contains 15 or 16 
per cent. 

Owing to the improved methods of manufacture now 
adopted, the aluminium sulphates Lan be prepared in 
such a way as x)nly to contain the slightest trace of free 
acid and*iron; indeed, in some of<;he best grades no 
trace can be found. Notwithstanding this, the crystal 
form is generally employed f«r the very best qualities. 

Sulphate of alumina is much more soluble than 
crystal alum, which requires 18 parts of water 
as against 2 parts required to dissolve I part of 
the* alumina. ' 

The amount of alum (or alumina) required to 
deco'mpose the resin seap will depend on the^iount'' 
of resinate of soda to be acted on. A siiewhich 
contains a krge percentage of free rdlin, already^ 
precipitated by the degtee of dilution to which if 
has been reduced, will require less than one in which 
the percentage of sodium resinate is greater. - .. 

To ascertain the exact amount necessary to de- 
•aompose the size, about 50 c.c. Should be placed in ' 
a glass flask^ and the number^ of^c.c. of alum 
necessary to convert all the resinate of soua ipto 
resinate of alumina run in from a graduated burette. 

In this •fliiy the correct proportions for the solutions 
cemployed in each ]i)a¥ticular^,mill can be arrived at. 
Most paper-makers ad 4 . to the pulp a larger prbportion 
of alum than^s required to fprm the size coating. ; 
^fhis excess has the effect of hardening the pap^ 
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and giving to it a better rattle, and also ar,ts a% a 
mordai.*;,in helping to fix the colour.* 

If the water used in the mill oontains magnesium 

or lime salts, or, in other words, is fiard, a much 

• • 

larger quantity of alum will have to be employed 
to obtain a well-sized paper. 

When size is added to an engine furnished with 
hard water, it is decomposed as a flaky precipitate^ 
owing to the action of the sulphates of lime and 
magnesia in forming resinate of lime and resinate of 
magnesia when brought into contact with the resinate 
of’soda. If, however, sufficient alum be added to 
precipUate the lime and magnesium salts, before the 
•addition of the size, this decomposition can be" pre¬ 
vented, and the resinate of alumina formed as usual. 

TJie best plan is to add the size after the alum used 
to neutralise the lime and magnesium salts has been 
thoroughly mixed, and then to run in the amount 
to combine with the resin. It is said that, 
in this way, the precipitate formed by the- action of the 
alum on, the salts, wffich are the cause of the hardness 
, of the water, is not so liable to be decomposed by the 
exgess of alum used, as the presence of the size pre¬ 
vents it from remaining in contact with the pulp in 
the free state, owing to the ease with Vhich the 
‘-fesinate of alumina is formed. 

The exact amount necessary Jo precipitate the salts 
, contained in the water can easily be determined by 
j^treating a small quantity of it with a solution of tfie 
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alum used. The number of ex. required to give a / 
precipitate ean,bc^"een from the markings on the 
burette, and thus the amount required for the gallons 
contained in •the engine is simply a matter of pro¬ 
portion. ' ‘ 

Though the water supply, undjr ordinary circum- 
star.ccs, may be suflicienjiy free from impurities, a 
•sudden flbod may change the channel and lay bare 
lime and magnesium compounds which, when carried 
into solution, will have a deleterious eflect on the 
sizing. When the water contains carbonic acid the 
danger of this is much itA-reased, as the acid dis¬ 
solves the lime as a carbonate, identical with the 
carbpnate of lime formed by the action of the c&rbonic^ 
acid of the air in the lime left on the fibres by the 
bleaching solution. 

The extent tOeWhich the decomposition of the alum 
may be carried, owing to the presence of these salts, 
either fn the water or in the pulp, will be easily seen 
from a glaiice at the following equation :— 

At, + K, 4 so, + 24 + 2 ('aCn, 

54 + yS + 128 + 2tf^-' + So + 24 + 9S- 
■ 94S * + «2oo'" 

2 CaSO, + AljOj + K,SO, + 2 CO, 4 SO, + 24 11 , 0 . 

» 

It will.thi'.s be seen that should the water in the 
fengine contain I Ibi af carbonate of lime in solution, 
almost 5 lbs. of potash alum'will be decomposed, and 
thus rendered ineffective for sizing purposes. 

consideration of the above facts will show that, 
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in order to size paper eflectively and ecopomk^lly, 
the ri'reatest vigilance must be ^xereised to s'ee that 
the solutions used are kept as nfar as possible to the 
proportions which practical experiments, in each mill, 
liave shown to be necessary. 

The contact with the heated cylinders on the 
machine, and the degree heat to which the {laper 
is subjected, have a great deal to do with rendering tl?e 
size coating ciTective. This is probably due to the 
resinate of alumina, which has been precipitated on 
the fibres in the engine, becoming fused, and spread 
wit, over, and into the i.nterstices of the paper in. such 
a way as to greatly increase the water-resisting power. 

Tliat the sizing of paper, dried by the contact with 
the machine cylinders, is much better than a similar 1 
paper dried by hot air, may be tested by taking a 
piece from the web after it has passed tlie seconB 
press rolls, but before comity into contact with the 
heated cylinders, and drying it in a hot atmosphere. 
A piece should be taken from near the same place in 
the web, but after* having been thoroughly dried 
passing over the cylinders, and when the first sample 
is perfectly d^, the relative water-resisting power can 
easily b# determined. 

Wetting* with the tongue will* show that the paper 
dried by hot air, without any»c 9 ntact with a heate^ 
body, is verj poorly sfzed compared with the piece 
which passed over the cylinders. An Accurate idea of 
the relative sizing can be obtained by placing a d^op 
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of Ik dilute alcoholic solution, coloured with a little 
^carnation in order*to render the efWct more noti(y\ft>le, 
on each of the samples, and observing the time which 
it takes to penetrate to the other sid§ ?n each case. 

The initial co^ of the hides and piths jtsed in animal 
size-making, as well as the expense in preparation and 
application, ^has led to investigations with a view to 
finding a substitute which, while being less expensive 
to begin with, can be applied with satisf-'ctory results 
to the pulp in the beating engine, thus doing away 
with the necessity for the expensive drying plant. The 
substtftice which has as yet shown the best results as 
a substitute for animal size is milk caseine. 

CasJine is the name given to that portion of milk 
•wliich contains albumen. This albumen is analogous 
to that obtained from eggs and blood, and wnen.a 
paper is coated with it it Becomes capable of resisting 
the penetrating action of *vater just as a gelatine-sized 
paper does.^ When dry, milk caseine takes the ibrr^. 
of a slightly yellow powder, which dissolves somewhat 
sparingly in water. 

The caseine for sizing is generallj’ dissolved in a 
very dilute solution of ammonia, and in this state'may 
be added to ihe pulp ,in the engine. When fiaed in 


thjs way,"hoVever, there is a considerable loss owing 
ta the finest of the 'alBuminatps precipitated by the 
.alum passing away with t^e back-water on the machine. 

Dr. Muth, a strong advocate of caseine sizing, pre¬ 
pare the ammonium albumen, as the caseine is 
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generally termed, with a solution of ordinary rfsin 
size«'S.rior to adding it to the pi'Jp ;• and in this way 
he claims that the finest albuminates are fixed by the 
size, and thus prevented from being carried away with 

Bie machine back-water. 

1 

For fine papers,-. Dr. Muth recommends t'iie use of 
4 to 5 parts of cascine t(^ parts of resin, and 3J 
parts of sulphate of alumina to precipitate. These 
proportions can be changed according to the quality 
of the papers to be sized. 

Among the advantages claimed for ‘milk sizing may 
be mentioned the greater elasticity of the fibres 'when 
compared with resin-sized papers—an increased yield 
owin^ to the precipitated albuminates being retained 
lamong the fibres. It is also claimed that, owing to the 
fatty substances present in the cascirte, frothing on 
the machine is much reduced*, and a larger percentage 
of loading carried with less gijury to the tear, owing 
Jj^the^union of the caseine with the loading materials. 
This union is said to entirely preivent dusting when 
cutting and printing. 

Caseine ma^ also be used for surface sizing, and 
when tiried at a temperature of 266° Fahr. is said to 
become -quite insoluble. When adding to the engine 
it should be allowed to become thoroughly Inixed with 
the pulp before the alum, wfli(!h must always b« 
present* in exEess, is run into^it. 

Though it can be readily understooo ihat the gela- 
ll^ous precipitate formed on the fibres will resist %e 
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action of water much better than the resinate of 

• • 

alumin'a rcsulting.from the resin size, it is difficult to 
understand How the coating thus formed will possess 
the same resisting power as that froip the thiik, strong 
gelatine which composes good anirhal size. In mill? 
possessing no facilities for surface sizing, it might be 
used'with advantage for thj sizing of a better class of 
jiSpers than* the usual engine-sized qualities. 



CIlAPfER IX. 

THE FOirRmiNIER MACHINE AND ITS 
MANAGEMENT. 

Ii( most mills considerlble difficulty is experienced, 
in preventing the emptying of the beaters from dis- 
turbil% the weight on the machine. As the beaters 
are usually filled to the lip, there is no room to allow 
of Jb^water being sufficiently mixed ,with the pulp 
beTore drawing the valve; ^nd the-'result is that tht 
thick stuff reaches the chests, and, in spite of the 
motion of the agitator, sinks to the bottom and is 
"Srawn into the pipe supplying the s^tuff coclf-box before 
the water can be got down. 

Wlien making a large, heavy sheet, a difference of 
5 or ^ lbs. hi* the ream may be caused by this thick 
sfhff be(pre the water can equalise it. Several devices 
have Seen .tried in order to do away with this as much 
as possible. One of these consists in placing a met£ 
float ia a small box tSrough which the stuff is led 
after it leaves the stuff-cock. 

The float is connected with a water-cock in suMi a 
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way that wlien it tises, owing to the thickening of the 
stufr. the water is turned on, and continues to, run 
“ until the pulp has been reduced by it to the usual 
thickness, whan the float sinks doyn, and tloses the 
cock. 

In somf mills* a small chest capable df holding about 
ICX) lbs. of pulp, and fitted with an agitator, is used as 
a stuff-cock box, but with no great advantage; and 
when working out, the difference in pressure as the 
level of the stuff becomes lowered causes light weigfit, 
in spite of the attention of the machine-man in gra¬ 
dually putting up the stuflf-c(%:k. 

The best plan, though not always the most con- 
vcniepl, is to place a chest, capable of holding the 
, contents of the beater when diluted with water to the 
usual consisten^cy, in such ^ position that it can eijipty 
into either of the machine^chests. When the pulp and 
water have been thoroughly mixed, it can thus be 
allowed'to flow into whichever chest it is desired to 
fill, and being always of the same thickness, the weigTf* 
is not disturbed. , 

When no such plan is adopted, the chests Should 
be connected by a pipe fitted witl» a "talve, sj that 
either can be shut off when working out or cjjanginl;, 
and the en{jfnes should be emptied into th% chdbt, the 
a)ck of which is shyt^and which communicates with 
tile one out of which the puro^ is drawing the^upply, 
' of stuff for thfc machinj by means of the connection 
pip«. In this way the thick Stuff has time to become 
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more diluted before it finds its way through^ the con- 
nec^g pipe to the chest supplying^ the machifle."* 

If the chests are of iron, tlie inside should be° 
covered VHth a .coating of cement or same other non- 
corrosive substance. Chests coated in this way will 
keep 'clean longer, and when dirty "be m;jch easier 
washed, than if they were not coated. If the agitators, 
revolve too slowly, a great deal of trouble will arise 
■from bad Weight, especially when making thick papers, 
carrying a large percentage of loading. 

Agitators that revolve too quickly are, however, very 
,gpt to churn grass stuff into soft knots, which are with 
difficulty broken up by the strainer. A good speed 
for aMi round work is six or seven revolutions, in the 
minute. When the stock used consists of rags, the 
spejfi^may be quickened to eight or nine revolutions 
without doing any injury. 

It is most essential that the stuff pump be capable 
of pumping sufficient stuff to give a good dverflow 
'Wtien*the machine is working at its full breadth and 
speed, as a poor sj[uff pump is a great hindrance to 
the ‘OT-ning out of a good weight. To ensure that an 
ordinyy pump;’will work easily, without any undue 
sttaining or jarring, the pipe from the chests should 
not btf lesg than four inches in diameter.^ 

A new form of stuff pump,uW]iich has lately beesi 
introduced, wprks without the rubbers, which are suefi 
a nuisance in the older forms. “ The bottom ball works 
into the pipe, while the top one works into a cavity in 
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the^barrfl, and against an iron saucer fitted to the top 
of the* cover. 'J'Jie Jjalls may be of meta!; but>f so, 
they are apt to chec^ the stuff and cause white chips 
to appear whfti making blue papejs,>so tlfat-rubber 
ones give most satisfaction. 

When <the fells used to cover ,lhe sand-trap are 
naildU down, they should Ijc carried up the sides also, 
so that no'stuff may get in below, otherwise the stuff 

and dirt which will accumulate underneath will come 

• • 

away at times and cause much broke. If they are 
simply held down by leads, which is the better plan, 
a spa>-e set should always b 9 ’ kept, so that they may 
be washed thoroughly and be ready to put down when 
the trap is washed out. 

It seems to be a fixed idea with the majority of 
paper-makers {hat, in order to get clean paper-.r'i;h. a 
fevolving strainer) it must be worked with the plates 
covered. It is very doul^tful, however, if much or even 
any advantage is gained by this method of working, 
as the strain on tl]f bellows is much harder, and, the 
Ruction being stronger, the dirt is more liable to be 
drawn through the slits than would be the case if the 
strainer were drawing a little air 'an^* thus working 
more easily. * 

It is oft«i remarked, in recommending this dr that 
Special style of stranlr, that it can take through a 
larger amount of stuff in the hour than any other. 
Those who tatk in this' way seem to forget that the 
fir* requirement in a strainer is to keep back dirt, 
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a^d not merely to force through a large amaint r>t 
stuff. -A -Strainer which takes through a more than 
usually large amount of stuff in an Jiour w'ill he almost 
certain to 3 raw through a more than proportionally 
laif e amount of di|;t, especially if the increased power 
be due to extra suction. 

It cannot escape notice tha^ when the flat strainers, 
which work by suction, fill up and get no air, a much 
larger amount of dirt will come through than when 
they arc drawing air. The better plan would seem to 
be to work two strainers at an easy suction, rather 
than force dirt and stuff through one by shutting 
out the air and taxing the bellows to the utter¬ 
most * 

For straining fine stuff the plates should be of as 
narrow* •>.- cut as will take through the stuff without 
undue strSin. The better qualities of writing papers 
are, as a rule, made from very f ne stuff, and, conse¬ 
quently, jwill work easily through 2| or 3 cut plates, 
but for banks and loans cut 4 or is necessary, 
while the long stuff ‘prepared for cartridge papers 
should be strained through cut 5 or 5^. 

It is S '.nistake to work fine cut plates for long stuff, 
as ttie. rubfcing necessary carries more dirt and knots 
into the sheePthan would get through if widtr plates 
were used. Whatever may^be the*wfdth Of the plates, 
ttie greate.?t care should always be paid to having them 
fit properly down on the frame. If ti e plates fit badly, 
dirt and knots will "et through in spite of all the care* 

7 .N 
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giv(;n’to the choice of the width of the cut, and" the' 
same applies to Ijadly-fitting bolts. 

It often happens, that when the original bolts become 
used up or lost the new ones •si.'pplieJ arc a little ■ 
longer, and do not fit up to the Jiead; or they Riay 
be a L'ttle smaller, through the.holes having become 
worn and apt to become^slack with the working of the 
bellows, especially if the plates be wopked covered. 
If the bolts are too long the he^d will exert no 
pressure on the plate to keep it down on the frame, 
and, consequently, the stuff which works down the 
thfead of the bolt will fine? its way under the plate and 
into the paper unstrained, and in all likelihood it will 
hjf^e become rolled into a small, hard kSbt in i|s 
passage down the thread. The same thing will occur 
if any of the bolts work slack, or if the plaKJ^o not 
fit close up to (he frame. ; 

TJie knots which .^re caused by these defects are' 
easily recognisable, as they are hard and roumied^andi'*, 
unlike the knots, which are in the stuff, they are raii^d^* 
up on the surface of the sheet.* When the ^king of 
the strainer ends has become worn, the knots made 
by the working of the stuff between the vat and the 
journal of the strainer are not so roun<Jt^but more. 
feather^ shaped. • • . 

It sometimes HkjJJwns that long grass stuff becomes;, 
churned into soft ^knots in the chests, hnd the^> 
especially if the plates are worn wide, are very Hab^.^ 
*'tQ pass through the slits unbroken and appear in, 
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sheet. If such stuff, instead of being run .straight 
■ from the stuff cock into the sand trap; is led into the 
box which receives the water from the sa\’e-all, and 
drawn with*the water through the pumps, a very large 
proportion of the krfbts will be broken up by contact 
with the sides of the pumps and pressure in passing 
the rubbers. 

If this arrangement is not a suitable on 5 , another 
plan is to blow a jet of steam against the stuff in its 
passage to the strainer. This should never be done 
if it can possibly be dispensed with, as the steam heats 
the, stuff and renders it eery free, and, in addife'on, 
takes much of the firmness and rattle from the finished 
paper. • 

If as much as possible of the backwater be run off, 
and spring water used to make up what is needed, 
the weakening action will be,much lessened, as the 
cold water will counteract the heating which is the 
^cause of the softening. Even when the amount of 
steam used is small, the backwater soon becomes 
Jieated by coming into contact with it so often. 

Though the small strainer often used as a breast-box 
does catch strings and blotches, yet if it runs more 
fhaif twel\jp hours without cleaning, the blotches which 
will break away from it will cause a co^iderable 
amount of broke. 

This is especially the case when calenders are at¬ 
tached to the machine, as the blotches adhere to the 
rolls, and, in addition to the broke thus made, « 
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grcsif dl;al of extra labour is entailed in keeping them 
clean. A box«sii^ll enough to secure a sufficient 
agitation by the rush of the stuff, and at the same 
time give a steady head of stuff belsnd tfie slice, will 
be found mo^t suitable and will tjke up less spifce. 
For a nftichine on which there is .much changing, and, 
indeed, for any machine, I^olloway’s patent deckles and 
knees are the best. 

With the older forms, even though the change may 
be merely an inch or two, the tacks have to be taken 
out and the apron rolled up when putting in the deckles, 
!in& vice versa when drawfeg out. On tliick papers 
a great deal of trouble is often caused by the small 
knots or rolls of stuff which arc formed ^hen thg 
apron refuses to lie properly. These rolls are often 
carried in bytthe action of the shake, and with-difficulty 
removed with life cutting. 

Thpse older forms ^ave this advantage, that when 
making blues there is no white streak on the edge," 
such as is caussd when the stuff works under the 
leather of the patent knees. When the amount of 
broke made when changing from a narrow to a broad 
deckle, or vice versa, is taken into account, •the gain 
in cutting on blue papers seems somewCiat Insig¬ 
nificant. *• 

Should the'aproh have be^en rolled up for any length 
of time it of*en refuses to lie flat; a Hand-bowl or two 
of hot water will soften it, and make it lie quite evenly 
on to the wire, A thick strip of felt soaked in water 
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should always be laid along the edge when it has to 
stand dfy for any length of time. The movable knees 
should be kept up an inch or so^that the apron may 
lie close into the feckle strap, and so make a good 
ed^e. 

By pressing down the knee against the str;.p it can 
be pushed out a little, and/hus a little more cutting 
room may be gained. To make a good edge with 
the patent knees, the rubber pads must be fitted so 
as to come close up to the leather, and lie down on 
the apron in such a way as to prevent any stuff leak¬ 
ing out. 

The apron should extend just as far under the 
deckle pulley as is possible without coming in contact 
with the strap, should it have to be lowered a little 
with^tlic deckle frame through the leather having be¬ 
come worn. The leather should fit easily, so that it 
may rise and fall with the niption of the tube-roll, 
and yet keep close enough down to prevent stuff 
getting under it, while not pressing sd hard as to 
cause knots. • 

In order to keep them working in this smooth 
way thv.y should be taken out, and slides cleaned 
and rubbed with a little oil whenever the knees are 
off. Care nfbst, however, be taken that all tile surplus 
oil is washed off, otherwise it tifa^ get‘on the strap, 
and cause it to grip the pulleys hard,’through pre¬ 
venting it from carrying' enough water to make it 
slide over them easily. 
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»T 5 ilje ‘level of stuff behind the slice must not be 
too high, or it 'iviU lap over the strap, and, working 
between the leather and strap, cause small knots to 
pass down on the edge. While* tlic apron should 
lie slightly up to the wire, it must.not be raided too 
much, 01 the depth of stuff as it l^-aves the breast-box 
will be apt to cause currents that will spoil the spread. 
Neglect of this, trivial as it appears, is often the 
reason why on some machines the spread givc^ so 
m,uch more trouble than on others. The movable 
slice, by which the spread is regulated, must be 
wortjed to suit the different natures of the stbft. 
When the stuff is fine and carrying the water well, 
the‘ slice should be kept well down, and ‘ this ie, 
especially necessary when making wove papers. To 
make a nice close wove sheet, the stuff 'trfBsl' be 
prepared very fine and not soft. No more watep 
should be worked than-is necessary to close the sheet, 
and just sufficient shake to felt it evenly, while .the 
first pump should be well closed. 

The effect of such working i^ especially n'otjceable 
on blue and yellow woves, as keeping the pump 
shut as much as possible, and working tlfe water 
smoothly up with a gentle shake, has the* effect of 
closing a'blue sheet very nicely without'' drawing the 
colour from fhe uncierside;, while the yellow has a 
clear close [bok, without the crushed appearance sol 
often seen when much water is worked. 

' For such papers in the ordinary weights the spegpj 
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should not exceed 70 to 75 feet a minute., When 
makirj: laid more water will have to, be put on, the 
slices raised a turn or so, the shaxe put up, and the 
pump openSd. Jf the slice is not raised when much 
mSre water is put fln, the depth of stuflF behind it 
causes sicb a rush that tlie stuff is carried a good 
way towards the pump before it comes under‘the 
influence of the shake, and as the shakd is most 
powerful just at the slices, it can less afford to be 
lost. If the laid dandy begins to " lift,’’ there is too 
much water in front of it, and to cure it the pump 
imfst be opened, and mc e water and shake pu^on, 
if necessary, to close the sheet. 

, Bringhig up the water by means of the shake, and 
opening the pump a little, will generally have the 
..effect of curing it. When the stuff is jj^e it rushes 
out from beneath the slices very violently, and does 
not settle down quickly. Before settling down, such 
stuff, rolls over on itself, just like a wave, after it 
has passed the slices, and the raqre free ic becomes 
the farther will it iravel before turning over and 
settling down. 

- ‘A ca-^ful look' av very free stuff on the wire will 
show that, even when close to the pump, the finest 
of the fibres are still in a state of agihition. In 
addition to causing a rush, the» slicestwhen worked' 
;-very low down catch the* ultimate fibres, and, turning 
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wolfing long stuff, and is the cause of the waVy, 
streaked appear,^nce of thick coloured sheets. The 
thicker the sheet, the more shake is required to felt 
it, and when making thick car,fridge dr envelope 
papers, for which the stuff has'been kept long, tne 
slices will also have to be raised, so that enough 
water may be worked ttj^ assist in closing the long 
fibres. ' 

When long stuff is free, it will not stand much 

•• » 

shaking, as the edges are apt to be thinned, owing 
to the ease with which the stuff is lashed back by 
coming in contact with the t 'ckle straps. To remedy 
this the shake should be put back, more water put 
on, »nd the slices raised. 

It is sometimes necessary, owing to the bad con¬ 
struction of /he breast-box or apron-board, to .stick 
"pieces of paper* on the slices, so as to check the 
rush at some places, before an equal spread can be 
obtained. This has the same effect on the jjortion 
of the sheet* wh/ch comes under it as having the 
slices too low. 

It often happens, that after working out or being 
shut down for some time, the sfuir, ifom being milled 
so long, will be^ too soft. Such stuff is the most 
difficult o&all to work, as it lies so dead «n the wire 
Jihat it requires vrafer and an energetic shake to 
spread it, while it parts with the water* so badly that 
it is seldom enough can be put on to make a good 
sheet 
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■When stuff is both fine and soft, the paner^will 
have* a crushed appearance, espec^lly if working 
a wove dandy, and will be very likely to stick to 
the press-Toll. jii, such a case tlie shdke should be 
pflt back as much possible, consistent with closing 
the slici't, the first pump opened under 'he same 
restrictions, and the air-cock on the second pumj^box 
shut, so as to suck the paper as dry as possible. 

The guard-board should be put down, so as to 
prevent the passage of any water, and the weights 
on the couch-roll increased. This has the effect of 
drying the paper still -urther, and making iW less 
likely to adhere to the press-roll. The press-roll 
, should ^e put down as lightly as possible, and the 
wet felt tightened up so as to open the warp, and 
allow the water to be pressed out morg rcadilyT 

Pouring a little turpentine pn the coucher or press- 
roll has the effect of taking^away such greasiness 
for a ^minute or two, and enabling the web* to be 
taken off the press-roll without any^ difliculfy. When 
once down, and under the tension of the draw to^ 
the second press, or cylinder, the liability to stick 
again is not so*grbat, so that by the use of a little 
of this grease-destroying agent much broke may be 
saved. 

Considerable difference of Bpinionsexists among^ 
paper-makers as to which is the most suitable length 
for the machine wire. The writer has had experience 
in making paper with 32 feet, 38 feet, 40 feet, tMtd 
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45 .wires, and, from a careful study of the Ufe- 
haviour of the different kinds of stuff on each, is 
of the opinion that^ for making the best qualities, 
where look is of the first importan(^,(ithe best results 
will be obtained from a 38 -to 4^ feet wire. 

To get a passable sheet on a 45'or 50 Tt. wire 
the Stuff must be very free, otherwise it will be so 
inert before it reaches the dandy that the papers will 
have a dull, crushed look, especially when making 
woves. When the stuff is free enough to counteract 
this deadness, the number of tube-rolls in contact 
with <he wire take away so much of the water that 
it is often difficult to obtain a clear impression with the 
^ dandy; though more water be put on. 

The water, leaving the paper thus, can be much 
reduced in quantity if a number of the tube-;oI!s are 
lowered out of contact.. In this way the advantage 
of a longer time under^the influence of the shake is 
gained,“while the amount of water leaving the stuff 
can be regulated Ijy putting up or letting down the 
‘^tube-rolls. It should also be borne in mind that 
the greater the amount of backwater, the less likely 
is the paper to be sized and loaded up to the expec¬ 
tations formed, from the amount of these materials 
added in the engine. 

. , The speed at wMcH the machine is to be driven, 
.and the nature of the stock to be worked, must 
■always be taken into consideration in regard to the 
length of wire to be put in. For the proper workinjg 
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■ of Soft greasy stuff at a quick speed, a 50 ft. wire^wiU • 
be an advantage, in giving more tirie Jo get the water 
taken out; while for fine stuff, not too soft, worked 
at a moderate spe.'fl, a wire 40 ft. in length will be 
belt suited. Thf Speed must also determine the 
amount of pitch to be given to the wire. 

A 40 ft. wire, travelling uj> to lOO ft. a minute,■•will 
require a pitch of about J of an inch from "the breast 
roll to the first guide-roll, while if driven at a speed ' 
of 200 ft a minute a inch pitch will be necessary. 
It is the custom with some engineers to put in very 
heavy breast-rolls, thougn for what purpose it is 
difficult to see. 

, In adfdtion to the inconvenience of handling a heavy 
breast-roll, when putting on a wire, the strain on the 
wire^tc k^ep it turning is very great, and^tends tff wear 
it out much sooner. A light; roll would answer the 
purpose equally well, and offer much less resistance 
to the ^ wire when running, as well as being“much 
easier to shake. 

The manner in vihich the shake is given and the 
length of the stroke have a great deal to do with the 
. spread and look* of the sheet. If the stroke is too 
Jong the< stuff will be washed back from the deckle , 
strap, thinning the edges, and causing a wj^ite mark, 
similar to that caused by a ri%c, to, appear about* 
■3 inches from-the edge on each side. , 

Should the brasses which support the shake bars 
l>econiU'Worn, or the pins which connect the bars with 
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the^ranie be too thin, the double shake, caused by^he 
play of the brasses or pins, will counteract the o. iginal 
shake, and, insteatf of the smooth push and pull, a 
jerky disconnected motion, which v^iU be sure to thin 
the edges, will be given. 

The 0 id of the save-all should not come quite up 
to the breast-roll, but should be so placed as to ensure 
that no stuff may become jammed betweeij it and the 
roll. When too close, any stuff which jnay jiaiis round 
the roll will, instead of passing on to the felt-covered 
guard-stick and being washed away by the water, lie 
agaiast it and the roll until -it becomes hard, whea it 

i 

will act as a serious drag on it when turning. A 
stroKg flow of water should always be liept on* 
the guard-stick, which, while being close enough to 
catcE^ the stgff, should not press too hard on, the 
roll. 

Machines wtiich worlj strong greasy stuff are some¬ 
times fitted with three pump boxes, so t];iat no 
difficulty may*be experienced in taking out the water. 
The majority, however, have only two, and when the 
stuff is greasy a great deal of trouble and broke is 
often caused by the water flooding over the boxes and 
“ worming " in frqpt of the coucher. 

^ This is 4 nore liable to happen when the bars on the 
,pump-box are faced* v^th majjogany than if vulcanite, 
brass, or glas^<has been used to face them. Mahogany¬ 
faced boxes, though less hard om the wire, are very 
ajft to vibrate when drawing hard, and this prevents 
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the^ir-tock from being shut as much as is needful to 
enable the pumps to draw the water oi^. 

A strip of vulcanite inserted between two layers of 
mahogany ^ong ends and sides’ of tiie pump box 
dots away with the Vibration to a great extent, but it 
must be Sited very closely, otherwise it will draw air. 

By working a jacket on the under couch-roU» the 
paper will he less rough on the underside th&n if it is 
worked bare, and it will also bulk better. Being less 
dry, however, the paper is much more apt to stick to 
the press-roll. 

Another objection, and perhaps the most serious of 
all, is that the small particles of sand or grit, liable to 
^et into*'the cover, ridge and score the wire»'’ery 
badly, and if the wire is run bare for any time it 
is very bad for running into a crease.. It wtl be 
noticed that when a wire, after running some time, 
becomes slack on either of the edges, it is generally 
the backside if the water for the wash-roll “inters 
at the foresidc, and vice versa if it enters' from the 
back. 

The reason of this is that the small holes in the 
water .pipe are d^t ^o become choked up at the end 
farTliest from the inflow, and the wire^ owing to being 
much more •dry, is strained in its passage^ver the 
rolls. Apart from this, a good Strong |hower should 
always be kept on the wasli-roll, in order .that any free 
acid left in the pulp ai}d liable t8 become* deposited in 
the meshes may be washea out. 
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Attention to th'is, and also to thoroughly washin^the 
wfte when shutting down for any length of time, will 
keep the meshes cltar, lessen the strain of the pumps, 
and improve^ the appearance of the ,sheet,* in addition 

to prolonging the life of the witf.'. 

^ • 

Whei|, making soft sized papers, thd- froth ?s' usually 
much more troublesome than w^ien alum has been 
added to *1110 pulp. This'froth often comes away with 
the stuff from under the slices, and makes " worms." 
To cure this, the slices must either be lowered a little 
or more water put on, so that the level behind the 
slices may be raised and prt _'cnt the froth escaping. 

Care must be taken not to lower them too much, or 
the,rush of stuff underneath will cause thewcarbonic^ 
acid, always more or less liable to be present in the 
■Waw used in the beaters, to escape, and in,, doing so 
•to cause “ bells," which, when broken by the dandy, 
leave a mark on the surface of the paper. This 
frothing and belling is always worse when steam is 
used to eleatt knots in the pulp, and should any of 
the bleaching solution used in tlje engine remain un¬ 
decomposed, the heat will have the effect of liberating 
the carbonic acid, -which is the cause tJf the froth. 

Sometimes, even when the slices are kept deaf' of 
froth, si^ll bubbles will escape on the.edge and 
‘come down tjjc, vwr* with the deckle strap. These 
''bubbles are pften the unsuSpe'eted cause of worming 
at the dand^, espccirflly should the edge be a little, 
ttpekened and the pump-bo£ end not full out.. Under 
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thcsx conditions they 31*6 not brokJn by the suction 
of th« purap, and passing along the front of the dJidy 
cause the worms to come away. 

If drawil!g out^the deckle strap a littli? and also the 
eifd of the pump d;i|s not cure the trouble, a piece of 
soft pa^isr shouFJ be folded so as to fif in behind the 
slices close to the ^iiee and along it a little, so ^ to 
prevent the bubbles escaping along the edge of the 
strap. 

The bells which gather on the edge of a laid dandy 
can be kept away by rubbing a little oil on the 
daady just off from the ‘dge of the paper, or, better 
still, by moistening the cloth used to keep away spots 
,just ov» the edge with a little sperm oil, which has 
the same effect. 

The tBouble with froth is so bad in some 

t • 

patent froth-killers arc resorted to la order to keep li 
down. These concoctions are very often adulterated 
with resin, which adulteration is sometimes cai»ied to 
an extent that causes the paper to stiiSj determinedly 
to the press-roll, and leaves a deposit' of resin among 
the stuff which gathers on the doctor. 

Wljan the liidflity to froth is gfeat, special attention 
sh*ould be given to the water used in the engine, as 
the carTiionk acid expelled from th*e lime^alts con¬ 
tained in hard water is often opp of the sources of 
its origin. 

The alum solution^hould bemadded wlfen furnishing, 
and if» the water be httrd an additional quantity •of 
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alum will'require to be put in in order to precipitate 
th^'salts contained in it.' 

The chlorine conipounds must be completely neutra¬ 
lised by meafts of antichlor. 

The following recipe is said .tc^ake a very elTicitnt 
froth-kiljer, the use of which wiil ‘lead tO' 'no bad 
results in causing the paper to stick to the press- 
roll :—One-and-a-half gaftons of linseed oil, mixed' 
with one gallon of bleach, and a gill and a-half of 
turpentine. * 

•To keep the dandy free from bells when making 
laid^papers at a quick sperd, a gentle puff of staam 
should be blown through it from a perforated iron 
pipe.,hung down in front of it in such a v/af that the; 
steam will meet the dandy at a slight angle and be 
Bfthv'ii- clear of the stuff. . , 

• For quick drwing, tlje stuff must be quickly pre¬ 
pared in the beater, so that it may not be soft, but 
settle ^iown quickly and part with the water easily. 
Though t 5 ie «engines must not be made too stiff to 
prepare such stuff, there is no reiison why they should 
be filled thinner than usual. 

Stuff prepared in an engine fiMedT about tke, usual 
consistency, but not heavily, when treated somewliat 
sharply ^i^ tbe* roll at first, and yet nat so* diit up 
*as to be rendered fin«, will felt closely and part with 
he water easijy though made*at a quick speed. 

• When, however, th^ engines ye filled with a larger 
pgoportion of water than uSual, lightly loaded (with 
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Sluff, ’lot clay, or other so-Called ‘‘loacling'' matn'-ialj 
and cut iip fluicldy, the stuff produced wdl undoubted^ 
be free, and most likely fine, at leasl*the finest of the 
fibres will be«very ^fine, owing to the ease Vith which 
thcy»are got at by this* roll, with the result that it will 
" bell," frdt'i, and ..*.ick to the press-roll. 

It would seem as if such stuff when once up ilie 
press-roll had not enough cohesiveness to stand drawing 
down, but wiieii once down lacks the power to run 
up s(.*often as nnght be expected, from the difllculty 
expo; ienced in getting it down when it does break * 
as it ^ill be noticed that wi',' stuff thus prepared tligre 
are fewer breaks at the press-roll than is sometimes 

the case wkh stuff which leaves the roll much nwre 

> 

easily. 

It somet'mes happens when making wjve paffers, 
with tfie pump well shut, that Jhe drawing power of 
the pump is hampered owing to the cock being so 
much closed, and when this is the case the backlash 
from the pump causes the paper, especially if it be 
thin, to fold over at the fdge in an almost imperceptible 
crease. This crease may give no sign of its presence 
until the last set of i^^nders, or calenders, are reached, 
but ii is almost certain to cause a break there. A little 
more ^#htc.', ar shake, and the pump box ogpned a 
little, will make this disappear entirely. 

Another very frequent source of cracks ^nd breaks 
between the cylinders aijd calendei^ is having the wire 

tao slack* When the wire’is too slack it is apt to* 

8 
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Crease the paper when passing under the coudfi-ro!!,' 
but in such a ^ay that it is scarcely noticcablej unless 
the machine-man "knows where to look for it. 

This is most liable to happep when making thick 
paper with a narrow deckle; ,?ht} the first thing the , 
machiijK-man should do, when he is at a loss to account 
foi breaking on such papers, is to hold, a light ‘und«' 
the web', between the under-coucher and the wet-felt 
roll, so that he may make sure if the creases are there. 
If the wire is causing them, they will seem like a small' 
black streak running a little way in from the edge. 
Tightening up the wire a dew turns, and putting-more 
weight on the coucher, will have the effect of curing 
thf.n. 

When the coucher cover becomes worn on the edges 
much trouble and worry are often caused by tke^aper, 
instead of couching properly, adhering to the jacket,, 
and, if not running ^up the roll altogether, going far"! 
enough up to cause the edge to crack and, the web 
to creasfe guing,,under the press-roll. 

This may be greatly helped'-by easing the weights* 
on the coucher and raising the guard-board a little,- 
The guard-board must not be liffetf much, juSt. enough 
to keep the cover moistened with water, so that th^, 
suction,,on tlie paper may be lessened. §la%ening! 
the wire dr^w will'also help it, by allowing the web, 
to go farther down the wire, and thus the risk of 
adhering to the coudher is,nofc.so great. By fixing a:] 
ymall jet of water so that it will,play onethe cd|^ 
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'cf the coucher, which comes in contact with the pBp ^4 
just before it passes under the guard-i^ard, the edge 
can be kept much cleaner, which„also lessens the 
liability of the web ly) adhere to it. 

Elandy rolls ar-*^ usudly made half an .inch less in 
circumference and thrpe-quarters of an inch ilcre in 
breadth between each name, fo ensure that the slfeet 
will cut to tii( size after the shrinkage and expansion 
caused when the paper is in contact with the hot 
■cylinders and on the driers. Sometimes dandy rolls 
are wanted to cut above tbeir given size, as when, for 
instaace, a sheet 17 x 27 Li. is to be made with the 
foolscap roll which cuts 13I x 16J in. In order to 
taing the name up to the size it will have to* be 
stretched half an inch. 

Witji long .stuff, which stretches easily, tbis is, under 
ordinary circumstances, a matter»of no great difficulty; 
^t when fine stuff is being wcg-ked it is sometimes 
quite impossible to obtain the size without unduly 
^stretching the sheet. The first thiip; to^ done in 
order to bring up the Size, in such a case, is to hang 
i^he dandy as much as possible, and so make it revolve 
more slcwiy; then the cloth should be let down on the 
roll, as mqch as can be risked without retarding it in 
such a way as*to cause it to streak the paper, 
jj' The wire should be =lo'vjpred so Is to* tighten the 
:>^b between the under-coucher knd the w 4 -felt. The 
^second press should be^lriven a little harder by taking 
a piedi of the packing from the driven pulley, or, 
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it there be none on, by putting a small piece c)fi tlic' 
,d^Iver, and thp draw from the second press'to the 
cylinders tighteneci up in the same manner. 

It is better always to take off^than pu*! on packing, 
unless the belts are very slack ^ntj inclined to sli^, as 
in this^vay there is less chance of the packiijg accumu- 
latfiig and stretching the belts, besides causing the 
draws to work with an irregular jerky motion, which 
is very likely to crack the web at some time when they 
are tighter than usual. Even when the size is up to 
the measurement, without any undue straining of the 
weij, the distance between bie names must be measured 
frequently, especially if the nature of the stuff is being 
alfeSred. 

A fine engine will .draw in the sheet as much as 
one-eighth,^and sometimes thrce-sixteent'is,* of an inch, 
while longer stuff wilLcause it to expand in the same 
proportion. Not infrequently, when working a broad 
deckle, the distance between the middl^ names, 
measuring kcroqs the wire, will be found to be less 
than that between those in the side sheets, though 
the usual;<three-quarters of an inch has been allowed 
whefi'putting the names on the Sandy. 

i 

This is especially liable to occur on a broad machine, 
and is due to the couch-roll and press-foil yielding in 
the middle jvherf flUt down jjard at tl^^ edges. The 
middle shqets are thus damper jS^i^hey come in 
contact with the hot* cylinders^ and ^J^enness of 
*the reaction makes them^ shrink mbreTOla^ the side 
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• rJiects, which arc much drier and less affected bj v'te 
heat. 'I’he patent anti-deflection pr^ss-jolls, with wl/ch 
some of lire most recently built madflnes are fitted, are 
said to compTctely ji.^vcnt this unequal pre*ssure. 

Bandies for loft-driW papers should have one-eighth 
more than the usual three-quarters of an inch^llowed 
between the names, owing to the shrinkage vKiile 
hanging in ‘he drying loft. l)andies for graSs papers 
should not have more than half to five-eighths of an 
inch allowed, as grass shrinks less than rags. 

When setting a lined dandy it must be place’d 
pcrfactly parallel, so that t’;e lines come exactly on»the 
top of each other when the sheets are folded. To 
fjisure thifl. it is parallel it should be measured, alter 
having been placed in the brackets, either from the 
couchjroll 01 the deckle straps on eacl^ side. * The 
simplest way in which to detesmine t^hethcr a named* 
laid dandy is placed so as to Jjave the names equi¬ 
distant ffom the edges is to count the number oT bars 
from the centre of each name to the deekle edge on 
each side. 

The same holds good when the water-mark consists 
of a name and a SeVice on each sheet. Should the 
name extend over an odd number of spaces, such as 
five or sevoi, while the device occupies «n even 
number, such as four,,,^he spacB between the middle 
bar of the name will require to be taken |s the centre, 
while the centre of theadevice wilT consist of the middle 
bar, 
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When setting a named wove danny, tne watcr-*narkS' 
oL which are placed as on a laid roll, namely, across 
instead of round'^thc roll, as is usual with the Wove 
dandy, the' breadth of the names will have to be 
measured, and, from the pointgt-'^thus fixed as centres, 
the brepdth outwards to the deckle'edge ora'each side 
made to agree. Named wove dandies on which the 
water-mtnks are placed rbund, instead of across, should 
be measured in the same way. 

When the names are placed so that one side of the 
Sheet will be blank, while the water-mark occupies, 
th^ other, a piece of Jie web, the full breadth, 
should be taken off whenever the paper h.ns reached 
thf>-reel, and after allowing for pairing it» should be 
marked off with a pencil, according to the size of 
the sheet. , , 

r 

When this has been done it should be again divided 
into half or quarter sheets, and then a glance at the 
shee^ held agdinst the light will show if the names arfe 
right, aiid if not, in what direction they wiil require 
to be altered. A few years ago Brown’s patent laid 
dandy, which possesses several advantages over tw 
ordinary laid roll, was introduced. • 

This dandy may be described as a wove roll rbund 
which tljie laid lines are fixed, while the. bars, instead 
of running round, us is the case with the ordinary, 
form, are placed along its 'lei^th. One advantage in 
using this roll is that on 6o-|n. machines large and 
medium post can be made three times iQ 4 in. ainij 
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17 ^ ifi. respectively, instead of twice 2 CfJ in. and 
as is t^e case with the common laid roll. 

Whcn'large orders of these size* are made a con¬ 
siderable inctease^in the output can*thus*bc effected. 
It fe well known th^ less colour is required to give 
the sama shade "on wove papers than* on !|id, the 
reason being that the‘close pressure of the wove d^dy 
brings the finest of the libretto the surface; «nd thus, 
by making Ae surface smoother and more compact, 
the colour is muJh better brought out. Owing to the 
c^^ wove cover underlying the laid lines on Brownte 
HSSy, the same even prt j^re is given to the sur^ce, 
mih the result that less colour is necessary, and in 
^dition tfcie .sheet is much clearer. 

In the making of high-coloured papers, for which 
20 or 3PlhB- of expensive colouring matters require to 
be used, this saving is not to be underrated. Though 
a large amount of water is used with it, it will not 
"lift"; at least the tendency is so small that i* may 
be said not to exist, as it is only when there is an 
excessive amount of vsater before it that it shows any 
signs of lifting. 

Another great aflvantage is that it does not " bell" 
When driving hard It has, however, one very serious 
drawbaclc b> reaibn of which its acftption i^s been 
much restricted. Owing to its weight, as at present 
made, the laid, Iine^^'^re*very liable t^ leave their 
impression on the unjjer side, ntaking it rough. 

In osder to avoid thisj it must be hung on tht 
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brackets as much as possible, and a large amotint of 
wutcr broughl^ forward. If, instead of the ordinary 
form of wove roll, the improved skeleton form were 
used to support'the laid lines, tjje.roll when finished 
would be much lighter, and tfius, the danger of* the 
impression showing on the underside woulJ be much 
lessened. 

'I'o prevent " blowing,^’ the felt-roll iir.nifdiately in 
front of the press-roll should be raised a few inches 
above the level of the under press-roll. When making 
t'hin papers, the resistance of the air between the 
weh and the felt often caiiics blowing, even when the 
draw between the wire and the felt is as tight as it 
can* be run without cracking the edges. ''In such <a 
case the press-roll mi\st be put Lard down, the wet 
felt ti^htenefl up, so that the warp may be'opened out 
and allow the a!(r to escape and the seam kept square. 

When the seam of Jhe felt is off the square the warp 
lies at the same angle as the seam, and thus by closing 
the pores referds, the escape of the air. A very simple 
and effectual remedy is to run She paper over a small 
tube-roll, placed just in front of the press-roll about 
an inch above the wet-felt. If “the edges afe uneven 
the frayed stuff adheres to this roll, and l^as to be 
taken off'frequently, or it will crack anti stretch the 
edge of the ^eb.' * 

Another Rian is to run a small felt-t'overed tube-roll 
on the top of the paper as it «passcs on to the first 
ffcU-roll} but when making"named papers thf name « 
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I'ghli to become * stretched unequally owing Jo the 
irrcgu'i'ar speed of this roll. By placing a small pqr^p- 
box, connected with the vacuum puntps, under the wet- 
felt close up% thq qnder press-roll, \he suction of the 
puitips will draw ajl'ifie air through the felt, and thus 
completely cure blowing. Putting on the felt with the 
pile lying the wrong way will also \end to ke«p it 
away, owing to the pores bang kept more (Jpen, thus 
allowing the air to escape more readily. 

When running a broad deckle the wet-felt should be 
kept tight, as in this way the edges are opened add 
allow the water to be t)j?tter pressed out, and ^hus 
there is less danger of the web sticking to the press- 
joll. To Square the seam either *bf wet or dry<^lts, 
the side that is first must be tjghtened up. The same 
rule appli.:_.jlo the wire, and in each case care must 
be taken to check the run, as Ijotfi wires and felts wilP 
incline to run from the side which has been tightened up. 

There is great diversity of opinion among mdbhine- 
men as to which side a dry-felt will «run* to when 
tightened up. Some «hold that it will run to the slack 
side; others that it will run to the tight side. The 
dircctipi, in which'a €ry-felt will run depends on which 
side of the cylinder it has been tightened up. 

To take the instance of a single cylinder^elt sup¬ 
ported, say, on fiv^ rolls. Shbutd the top roll be 
tightened up r.t one side the felt will jjivariably run 
to the other, and if the seaifl was straight before 
tightening it will forge ^ead at the slack side, - 
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^ Suppose that the forcside top roll iias oeen tigtixncd • 
llp^^in order to square the seam, which has gsne so 
hiuch ahead in fro*t as to threaten co run tbd felt into 
a crease, and that "the felt is travelling baSk so quickly 
as to be in danger of turning ova/ and bursting at^he 
backside edge; though the guide-roll lias been'changed 
as tjuch as possible to bring it forward, raising the 
backside top roll would set it forward again, but would 
not put away the crease, which is the greatest trouble. 

If, however, the forcside roll, roun?l which the felt 
turns as it leaves the cylinder to go up over the top 
roll,^be lowered about a quarter of an inch or meyre if 
need be, the seam will at once begin to come square, 
and Jhe felt will come forward, thus runnwg to th^ 
tight side. 

Should the roll round which the felt to come 
<n contact wfth .the cylinder be lowered, the felt will 
run to the backside, thus proving that a dry-felt 
will r«n to the tight side when tightened at the side 
at which it Iqgves the cylinder, and to the slack side 
when tightened at*the side at which it comes in contact 
with it. 

The seam should always be squaftd up after start¬ 
ing, and carefull^y watched so that it may not run 
ahead at^either fide; otherwise the felt will become 
•unequally stretched,, a«d give much trouble by moving 
'about when it^ets old and wSrn out. 

^ The rubbers with w 4 ]ich most^ press-rolls are novk 
fi^ed are a gieat boon in saving the felt from being 
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should any ha»d substance pass between the rolls'* 
when >he press is firm down. No oil should evcj^ 
poured dbwn the screw, as it wouU tend to rot the' 
rubber; and 4 )esider, there is no need for doing so, as 
the»oil on the bottoit» side is quite sufficient to keep 
it working smoortily, &s from time to time It, passes 
through the nut whicR works against the rubber when 
the roll is raised for turning flr putting on a v^t-felt. 

When couching and pressing lightly it sometimes 
happens that th^ pile on the wet-felt becomes clogged 
up with the soft stuff, and the paper adhering to at 
unti^ust under the second* press goes up in a crease. 
A narrow piece of wootf—a long foot-rule by pre¬ 
ference—^aced between the paper and the felt^ust 
as it leaves the press-roll, will, by separating the paper 
from the <“'t,^prevent the creasing caused in thjg way. 
The foot-rule should be fixed on to tlje frame in such' 
a way as to be clear of the felt, otherwise it will gather 
wet stuff which, passing round fin the felt, may»cause 
a break *at the press-roll. 

It is the practice in, some mills to'press very lightly 
with the first press and keep the second press hard 
down, ^the idea bein^ to have as little felt marking on 
the underside as possible, and also 1 ^ taking out the 
wire mafk Miith the pressure applied ^o the underside, 
to improve the surface. 

With this m^ithod ifi’ working the seednd press felts 
have to be frequently chMged,*owing to the passage 
. ■of 80 giucb water pressed from the paper cloggiqg 
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‘tliem quickly. 'A dirty second presS felt is onetif .the" 
iw^st frequent causes of the unevenness in Srying, 
'termed “cocklingi” as the paper in contact with the 
dirty part of the fclt is much more, d^mp ^hen it comes 
in contact with the cylinders, “and thus is liabft to 
become hi istdred from the suddenness of the'^rying, 

I^eeping the dry-felts tiglit has the effect of prevent¬ 
ing cockiing by pressinf the paper more uniformly 
against the cylinders. Whether there be any special 
need to have the paper flat or not, tEe drying should 
always be conducted gradually, the heat of the 
cylinders gradually increadyig as the paper near* the 
dry end. With thin papers, especially those made 
froiji strong linen rags, the press must btf put har^ 
down, and the heat of the cylinders so regulated as 
to lea*’c the paper slightly damp wheit it- cosnes in 
•contact with tits last two or three, which should only 
be sufficiently hot to dry without causing any sudden 
contraction of the web. 

Unless* th» seam of the second press felt be per¬ 
fectly square it is very liable to crease; if it should 
do so the side which is last should be lowered down, 
as by doing so the creasing i* founteracte^ more 
quickly than by^ tightening the side which ^has run 
ahead. ^When 'passing the second press the draw 
‘from the first press.tta the cylinders must be slackened, 
and to do so Rouble the amount of packing that would 
be necessary to slacken the .ejme strain from the 
second press to the cylinders will be require^, 
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Thftsanie rule h«)ds good when passing the’sniooth'v 
ing roHs, and of course double the amount has to l)e 
taken off when putting the papen fhrough again. 
Though, as # rule,^ when changing ftom thick to thin 
paptrs the draws willVquire to be tightened up, very 
little packing will* be necessary should the sp,(‘ed be 
much faster than that’at which the thicker paper was 
made. This is due to the increased momentum given 
to the pullcys’owing to the quickened speed. 

Wlien making thick paper at a speed of about i8 ft. 
per minute, the belts will require to be very tight, og 
theyjvill slip, owing to the* strain of driving, unaided 
by the momentum which a higher speed will give. It 
^metimes*happens that when driving at a slow sj^ed 
the wire will run to one side, and refuse to respond 
to the gu’"'?.. Should this threaten to damage the 
wire, the speed should be quickened, up, as by so 
doing the wire will answer the guide much better. 

If the machine be fitted witli the improved»cone 

• * 

driving, quickening the speed is a very si®ipl» matter; 
but should the differgnee thus made be insufficient, 
as much as 20 ft. more per minute can be obtained 
by tig|itening up*the thumb-screw attached to the 
governor of the engine. . 

This incraase of the speed generafly has tjie effect 
of bringing the wire back, but should it prove inef¬ 
fectual the only plan feft is to shut dowi^ and, having 
taken off the couch-roy and slacltened the wire a littlej 
to dramit back into its right position. 
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It is assumed *that everything has'been aIready*dQt^:,-" 
so^ar as altering and tightening the wire at thelside to 
‘which it is runniag can be made to effect any change 
in its coursft. Wlen making webs^ such* as those for 
use in the Morse telegraph maah'ine, difficulty is dften 
experii^iccd In getting them to bJlk cquaily. This 

• C 

uncgual bulk may be caused by a want of uniformity 
in the spread on the t?ire, or a difference in the 
pressure of the couch or press-rolls, feadly ground 
calender rolls will also cause inequality both of surface 
and of bulk. 

In this connection it sliould be remembered ^hat, 
when paper is passing through the calender mils, the 
dri^ it leaves the press-roll the better will it bull^ , 
Should the pressure on the rolls be very light, or 
should, the paper be finished rough, the^kes pressure 
•put on the press-roll the bulk will be better. ' 

Each machine has, owing to differences in fitting up 
or other causes whiSi exert an influence on the 
pressure ^giv^n to the paper, its own peculiarities. 
Sometimes a sOffness on the edge may be filled up 
by hanging or putting down the second press-roll,, 
according as the paper is being glaibd or noU .When 
the stuff is free, and thus spreading and filling up the 
edges v^ll,' the *webs will be found toi bulk more 
’uniformly. 

Should thj paper begiif to'breafc, between the^ 
' ealender rolls from any unaccountable cause, the first; 
thing the machine-nam ought to do, after •havii^ 
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O^sfiid himself that it is not too dry, is to see that 
none "ctf the draws are too tight, especially the dr'.w 
from the'first to the second press-rJls. Should this’ 
■draw be too tight, the web will be piiHed arid stretched 
at tfee edges, and thobgh no cracks may be visible, the 
contractioi'^ and consequent strain, as the pqpei' is 
dried, will cause theVeakened edge to break as,the 
draws become tightened towards the dry end. 

Should the draws be all right and the breaking 
contiilhe, the edges should be closely watched for a 
■■jn of the wire, to see that no dirt has become fixed 
in tl^p meshes, and by hindering the passage of the 
water and the suction of the pumps is causing a weak 
s^ot near Ifcc edge of the web. A dirty or raised SKim 
will cause breaking both at the press-roll and the 
calenders. -AJittlc vitriol poured on the dirty pa.at will 
generally clean it; but should, the dirt still remain, 
blowing it with a jet of stetim will take it out. 

Not unfrequently dirty spots, more than usually 
difficult to get rid of, will be noticed in the wire after 
the mechanics or joiaers have been 'fitting up new 
boxes about the machine. These are generally caused 
by smalk pieces of vWiitc lead, which have been left 
lyin% about the boxes, coming away w^th the stuff and 
being pressed into the meshes by the cbuch-tol^ 

When the trouble is caused by a raised seam, the 
** stent "-roll should be put down a few ’^urns. . The 
iwet-felt should next be exainfned> to see that no dried 
Vtuff or«other hard substance has adhered to it near 

*y. 
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the edge* of th® web. Should any tfiich liard material 
be coming between the paper and the felt as ityjasses 
■ unoer the preSs-joll, cracks, only perceptible* as small 
dark marksy will/ be made. If this is *the cause of, 
breaking, the marks will be nplice(3 by examining^the .• 
end of the web just where it 4ias‘ Ween seytred. , 

Breaking at the calenders tnay also. be caused 
through jiaving the drawn .too slack, thus causing the 
paper to fold over at the edge when entering the press- 
rolls. Should the cylinder draws b« too slack,“espe¬ 
cially near the wet end, the felts, if they are tight) will 
take up the slack, and in^daing so cause very minute 
folJs on the edge, which, through being damp when 
calaidered, will make a weak spot on Hje edge of 
the* web. 

Wljen making thin ‘papers at a quick, speed, the 
.press-roll slfoujd be kept well down, while the kteam 
on the first cylinders should be regulated so as to dry 
very, gradually. B/ keeping the press-roll firmly ' 
down, paper is rtiade more dry, and thus more 
easily handled whien leading it^over the machine. 

When starting very heavy papers, at a slow speed,' 
the small plug just behind the apratl-board should be 
drawn out, so that the flooding, so liable when starting”, 
such papess, mVy be prevented. Somgtinifes it is 
necessaly to change^ from one revolving strainer ■ to ' 
another withAit shutting, aiH th^straiqpr to be started 
is generally*furnished from the chest by means of- 



PREFACE. 


T he Author is well aware that thc«;-jibjeet.'-x)f 
l^RA^TirAL PaI'KU-making is onc to which a 
much larjjcr and fuller work than .the prespnt might 
have been devoted. lie trusts, however, that thi.s 
little volume, .slight as i.s tlic treatment of mo.sf por¬ 
tions p{ the subject, will in some measure suppl/ea 
nee^ which he has him.self felt for^ several yeam, 
,and more especially during the first years of his 
apprenticeship—namely-, the need of a work on Paper- 
“TnalJing whkh, while not neglecting those teachings 
of theoretical and practical chemistry, tllb under¬ 
standing of which is necessary for the successful 
and economic production of papqf,* .should the 

saiilt time give* due coftsidcration to thelpractica^ 
working ^f the P^ipw hftll? * 

He i.s aware, also, that»to carry out this pian,^vcn 

the unambitiouit scale pf the pfesent ^vojk, ttitre 
iii 
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iA required bf/an author iI1^iplate knowledge "of the 
‘ffctuql w6rk<ng' of the mill, sueh as ci'n only be 

( • ** 'I' 

,ijbtained by years of pyaetieal work ib the various 
departments. His own experience, he is table to say, 
having been such ‘is should qualify him fo' the fask 
he has here undertaken, he ventures to hope that 
many I’aper-makers and Millowners will find in the.se 
pages knowledge and information of tio little value, 
which has not hitherto been acaS.sible i(‘i a similar 
loiCi. ‘ To what extent the work an.swers his 
desire.s, his readers will be best able ^o judge. 

Spcckl attention may be invited to the illustrations 
of the Microscopical ITxamination of Paper and 
J’a^cr-making Matcriijjs, pvhich have been repro- 
. ^uccd from micro-photographs. 

In the AI'^ENHIX will be found some u-scful 'fables, 
Data^ etc., compiled from various .sources. 


BIackburn, Penicuik. 
St/arcA 1894. 


NOTE TO SECOND EDITION. 

‘l. • s 

For • the present edition, the work has been carefully, 
revised^and some additibnsSnade (ehlaVging j,he volume 
bjKabout 18 or 20 pages), so asWo^jrinj; thg»information 
fujly up to date. 

^fiAHDroRD-oN-'i'irAMEs, near ^xfokd. i 
November 1906. 
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of the loft must tfe kept as near that of the ordinary 
sumnt^ atmosphere^as possible, and as much advan¬ 
tage as possible should be taken of the^afmospheric Kir, 
when sufBciftitly dry to be admitted to the Wft without 
risk (jf making the pJpbrs mussy after drying. 



CHAPTER Xi, 

GLAZING AND BURNISHING. 

When paper i$ glazed by the calenders attachect to the 
machine, it is us^ially damped before being put through 
the calender rolls. Prioif to this, however, it has 
generally passed between what are called the smooth¬ 
ing rolls, which are situated just before the last set 
of drying cylinders. These usually consist of two rt 11s 
heated by steam, though not to the same extent as the 
calender rills. ' 

By keeping the paper a little damp as it passes 
through these smoothing-rolls, and not heatin^.-'the last 
cylindep any more than is necessary to .prevent damp' 
spots, the surface imparted by the calender-rolls ia.i 
much improved. When a good surface is wanted tfi4:‘ 
stuff must be kept fine, as lopg stuff, though taking' 
oh a good finish, always rises iip in the shec', causing' 
a roughiKss, "pspedally on the utjdersidn. ' To' quc^l 
the iVmark of a shrewd old ,pape>'-maker--“ It’s 
like smoothing sand and s:noothing gravel.” 

Even papers made from long stuff are very liablfti^ 
lose their surface, owing to this rising of the h>n^^ 
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fibres, unless tho pressure in glazing R sufficient to 
thoroughly close th^ sheet. The improvement which 
can be effected on the surface by fjper stuff is grdSjtSr 
than is usua^y supposed. 

The author knew « machine-man who used regularly 
to get his bcater-raan tS empty a finer engine as soon 
as possible Ifter his shi^ came on, with the.result*that, 
when the foreman came roufid, in about an hour ahd 
a half, to inspfct the surface, the paper then being 
made was very much higher in finish' thjjn that made 
jjist before the outgoing shift had drop,'ed off work. 

The form of damper usually employed to moisten 
the paper before it enters the calenders consists sof 
two hollow copper drums of about 15 or 16 inches 
diain/ster, though, of course, they may be of any desired 
size. These drums are filled with cold water, and'tept 
«^d by^ means <jf a continuous flow passing through 
them. 

A teller pipe, perforated wj^h numerous very 
minute holes, is placed along the front of each of the 
drums, so that the steam which is tjjown from the 
'holes will condense in the cold drums. The drums 
are so placed that wljen the paper is running over 
ffiem one will come in'contact with the top and the 
^ber ^itb»the under side of the paper.* The moisture 
"deposited on* the djuras^ by the condensation 0# the 
dfeam is thus carried afrayson the paper,^and helps 
jjreatly to improve*the sujface when subjected to the 
pressure and heat of the calender-rolls. 
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Owing, however, to the moisture thus applied being 
merely on the surface, and not havrig time to pep"'trate 
intS the paper* ^ho* high finish thus obtained is very 
liable to g 6 back. A little sperm oil should be poured 
on the drums just at the edgjes 6 £ the web, sc^ that 
the water may be prevente<i from. passin|r on to the 
calendtr rolls, and so causing'rust on the edges. 

Printing papers, on which a very high finish is 
wanted, are oftei; glazed on the supep-calender, after 
having been given a good machine finish. The •contact 
with the altemaVng metal^nd cotton, or paper-covered 
rolls, has the effect of imparting a velvety feel, un¬ 
obtainable by the passage through the 'machine 
caj.enders. ^ 

'A^little of an alkaline soap, made by dissolVihg 
whitp soap in, caustic lye, is often added to the pulp 
in the en^ne, in order to improve the surface. 

When paper is daniped before glazing on the super¬ 
calender, tlje rolls nfiist be worked at a heat kafficierit 
to dry 4. The cooler the paper to be damped is made 
the greater will be the amount of water absorbed, 
without causing the rolls to “ bag ” when winding on 
the damper, and the more pressure will it bear in 
passing through the rolls. For this reason' LJth tub¬ 
sized anij engine-sized papers should be dllowed to 
lie in*a cool place fgr some tin»e before damping.. 

To obtai^JI' a surface whlth will n^t be liable readily 
to go back, the pressure mifet not be too heavy, nor 
must the rolls be jvorked with too much h^t. It is 
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much better for the appearance of tlie paper to put 
it thoeugh twice Aan to work heavy pressure,^ and 
glaze with one passage only. The^nipunt of pressure 
which can be applied without unduly crushing the 
pape- depends very nyich on the sto»k from which 
it is made. 

Papers largely comfose^ of straw require 5 good 
pressure, in order that they may be closed to as to 
avoid the risinj; before referred to. tThis is especially ' 
the caie when suck papers have been dalhped. 

' Owing to the hard nature of theiu ultimate fibres, 
wood and straw papers Sre very liable to become 
wrinkled when damped, and this will be more notice¬ 
able if thiy ^ave been hot when put through the 
damper. Should papers consisjing wholly, or in farge 
proportion, of wood become too dry on the calender 
rolls, they will be very apt to break, ow 3 ig to their 
hard, brittle nature. 

In glSzing highly-finished paper for magazine and 
illustrated ^work, in which the su.face and mot the 
appearance is of the grst important-, the pressure 
applied in the super-calender is often such as to cause 
all the sheave and grft!|y matters to show up. 


In glazing high-coloured papers m|de from coarse 
stock which, )ias been kept long in the engine, very 
heavy pressures ait necessary, in .order to obtain the 
degree of finish jusually imparted to sfch papers. 
Quite a comipon pressufe for thq^ class of papers is 


about ii.tons on each end of the wlender, while some 
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of the most recently fitted up calenders are supplied 
w-’tb weights equal to 50 tons. 

At all times/ but especially when glazing tinted 
papers, the greatest care must be exercised to keep t 
the heat of tlie rolls as unifosm as possiW'', as'eare- 
lessness in 'this respect is very oifcn the unsuspected 
caqse of the appearance of shades. This applies with 
even greater force to the burnishing calender, as even 
a slight variation of the heat of the burnishing-roll 
will cause sh'ade? to appear. 

• A good plai/ to prevtnt the overheating of the 
buynishing-roll is to let both steam and water .into it, 
so that it may be quickly cooled down should the heat 
bfcome too strong. 

li^ friction glazing, as in super-calendering, the best 
results can bb obtained by working .with little or nb 
pressure, and putting the paper through more fre¬ 
quently. To keep the burnisher working smoothly, th^ , 
wax should be frequently applied, so that it may.not!' 
dry and crack the paper. Should the paper be too 
damp when gfazing or buru'shing, it will be liable: 
to become blackened. This blackening is sometimei; 
attributed to the want of war on the bhrnisher, but’ 
neglect tp piit tyax on the roll, though a vei^requent 
caus^ of‘cracks, will not, under‘usual conditions'of 
working, be liable* to ca\^|e ft, 

The surLce imparted to ^aper glazed in a pro|)erijfj 
constructed plate calender is much more silky than tbS 
^finish obtained on'the super-calender, Thistis due''M 
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the pressure on the plate calender being so much less, 
and .Jims the original elasticity of the fibres is pre¬ 
served to a much greater extent. ' 

This has the efiect of making plate-gllzed papers 
bulk much betler.fhan^ similar papers finished on the 
super-calender, and in addition they have a^ more 
mellow appearance. Great care must be exercised that 
the plates used are free from gritty matters, otherwise 
the papers wiK be very liable to become indented and* 
rendet^d rough or»the surface. 



CHAPTER XII. 


CUTTING.—FimSinN(7. 

Cutting >—Tne :^st ining to oe oone w/ien preparing 
to start a revolving cutter, is to place the roll with 
leact breaks—that is, if those to be cut are not free 
from breaks—in the bottom bracket nearest to the 

* t 

fecduig-rolls. 

The reason why a roll without breaks should be 
put there in that any breaks or cracks on the. others 
mayf be led over the« boards and through the rolls 
without the risk ofrcatching and tearing, befctg sup¬ 
ported on this under web. As this roll is also the 
guide when seating the circulars, the one put on 
should be as evenly wound as possible. When 
this foil has been put on, aivl. before any of the 
others arSHi/ted into position, the paper sfcr-vjd be 
torn perfectly square, and, after folding, put'carefully 
in*’fee /eeding-rolls. 

The utmost care is neflfessafy that it may not be 
slanted, even in the slightest degree, as should it 
be even an eighth of an inch off the square, the 
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circulars will be set fully an inch olT ihe line; and if 
theiirackets canitot be altered to bring the sheets 
right, there is nothing for it but ft) s^iut down and put 
the circulars into line again. 

Xhc number of rolls which c.in be cut at one time 
depends (jn the aondit’on of the cross-aitting^knife; 
but even with a sharp kni^ six rolls of the sdbstance 
of large post 21 lbs. is a heavy filling. 

Should the* filling be too heavyi^ the under sheer 
is very liable to be torn in a pcculiai'»Bianner, very 
■difficult to detect, unless t!je cutter-r^an knows whepe 
to look for it. This tear'is usually of a small semi-, 
circular shape, somewhat irregular, however, an 3 as 
' it is on .the ,under sheet it may run for some time 
llfcfore it is noticed. It is torn^off just when the cross¬ 
cutting knife is passing the dead knife,«and falls, down 
on to* the carrying-felt. 

>^hen this tear makes its appearance, whiclf will 
be eitilkr when the filling is tofi heavy fir the knife 
too blunt^ the best plan is to break off one of the 
rolls, and thus allow,the knife to‘go through the 
remaining sheets without any shock. 

Great ca-e must be, exercised, when setting newly- 
sharjaft^ circular knives, not to press them against 
the under jyiives .until the fine wire «edge, has taken 
on a skin. To bfing up this sljin, they should be 
gently rubbed Mpth a fin? file. A goo(l plan is to 
put a piece 9f*thin copying or tissue paper between 
the blojk and the knife when ^tting for the first 
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day or two, and ns the edge becomes hardened gradually 
to .brjiig them closer. 

When new the 'cross-cutting knife needs little 
attention; but the parts not cutting the paper should 
always be kept well oiled, so ^hat 'there.iijay b» no 
attriti(jn as'they come in contact? with rthe dead 
knife. ' 

When, letting out the spring nearest the front of 
‘^Ihe cutter, it must be done very cdutiously, and 
after doing •b '5 the knife should always be fltive^ 
through with tivi hand, t« make sure that it is not 
too far out. Should it be *100 much sprung i{ will 
lock into the dead knife and seriously damage both. 
Should the cross-cutting knife miss a.iy point, 
the ptertion on each sidf of it must be rubbed down 
with g file so»as to bring them to Jhe same level 
'as the poin\ which is missing. 

Th^ feeding-rolls must always be kept free from 
oil, especially the jacket, as should any get* on to 
them they will slip over the paper insteat^ of draw¬ 
ing it in rcgulaAy, and cause ,phort and long sheets. 
This may be detected by watching the feed of the, 
paper, as if the rolls are slipjliflg it wilf be very 
noticeably iitegi^ar. When oil has got on'Jb'ihera!, 
a rub^witfc a cloth moistened with tuijKntine will 
take it off immediately. 

Should tht paper be badly t:uL, it siiuuiu uc exusciys 
watched between thf tube-rofls and the.cross-<juttinfr' 
knife, and. if anv lurch is seen then, the srrew oTi 
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the pulley wheel must be looked fo, as, if it has 
become loose, it will cause the paper to be unfvgnly 
cut. The screws of l^e spur-^luiels iiYist alto be 
kept '♦i.ght, or the cutting will be very defective. 
Sh»uld* 4 »e cutting by bad, owing ttf a backlash on 
any of tlje piniohs, a piece of clean leather inserted 
between the shaft of* the.cross-cutting knife *an^ the 
bcass at the back of the cutter, and firmly wedged 
down by means of the collar,'' will remedy iC 

Thou|;h it is useless unless the shaft”tieats a little. 

0 ’ 

care must be taken to ke*p it moistened with oil 4o 
prevent undue heating. 

When the length of the sheet being cut is 50 
inches and •upwards, some difficulty may be ‘ex¬ 
perienced in keeping the sheots from rushing against 
the revolving frame, owing to the 'blew revolution 
of the cross-cutting knife compared with the speed* 
of the other portions of the cutter. 

• To cure this, two of the blade screvfe should be, 
unscrewed, and a long sheet of paper or cleaif wrapper 
screwed between thenv opposite to tfic paper. These 
sheets are allowed to hang like flags, and as they pass 
ffoundgainst the’paper serve to .drive down the 
. cheats ^n to the carrying felt. 

.» When c«4ting a short sheet of peftaps* 14 jnches, 

, or nearly the length, of Jthe JaB between the de^jl, 
ijknife and the feit, the heaving felt is •Siry liable to 
come against.it just as the cross-cutting knife is going 
■jirougl* and thus both uneven* and badly squared 
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sheets are tlie rssult. A piece of thick* twine stretched 
across the cutter, on t'le top of Wic paper, aivinch 
or t»fo back froi^ tHe ciead knife, will generally cure 
this; but it is rather dangerous mending a break 
on the top roll when it is ^n, the ^terTpian 
must Jift the string with his fingers, to^allow the 
tail ol The paper to pass ijpdcrf In such a case the 
better plan is to shut and leaa it under, when it can 
■^le done with perfect safety. 

When cuttn^ friction-glazed paper the feeding-rolls 
wjll not take igpre than Jhree rolls‘at a time with 
security, unless the brasses are wedged and firmly 
pressed down at both ends, when six rolls may be cut 
at «nce and nothing go wrong. The h^h .polish on 
the paper, together wjth the wax applied at fife 
burni^er, causes the middle sheets to slip so much 
that they wfll often be as much as an inch short,* while 
the tdp and bottom sheSts are quite right. 

As there ,is not iftually a guard on the ions, mis 
pressing js not to be recommended, on account of the 
danger when mAiding breaks.^ Should even a small 
piece of broke run round the under feeding-roll, the 
size of the sheet being cut wiH Hbe instantly raised, 
though no harm jwill result should any run t?6tlS the 
top roll. 

Should the circul#r or block knffe, ninning out of 
gearing betwlen those whiefi are cutt^g, be left slack, 
either the one or tht^other wiR be sure tp slide along 
the shaft until they igiarly meet, making a long straight 
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•ine OQ the paper, which, though noi .easy to detect, 
neith'fy plate caleriWers nor anything else will take oat 
again. 

Winn the circulais are dull, and the machine cutting 
frictij)n-glazed or s?cn ^ordinary papers .with a narrow 
selvage, the knives at the edges will cut the sheets 
very unevenly, which •will soon be noticed, aSt^ects 
cut in this way are generally about a quarter of an inch 
broader than the size. 

The* best cure f«r this is to shut ani.drive a nail 
Into the board bAween the feeding-rolls and the knivcf, 
and opposite each circular, which is cutting the bad, 
edge, to 'hang a folded sheet (not more than two pfes) 
on to the.naij^ and then lead it over and underneath 
tHfe"board, so that when the cutter is started it wilit run 
into each circular and hang there, being clasped on the 
nail. 

Should a break on the top roll run over insteld of 
betweei^the tube-rolls, when cuttfhg squar# paper, the 
sheets arc liable to be cut off the sqjare, though when ' 
cutting angle little or no difference te caused. The 
belt which runs over the expanding pulley should always 
be kept tight, as shouid>^it be left slack the sheet will rise 
in siii^'flftffn i inch to 4 inches. In fact, from the drags 
which hang ^n the, rolls, upwards, evegythiijg must be 
kept tight in order to emure regulaf cutting. 

If the feeding-r^i/ls are ci^sasing the pa^r, the edge 
where the creas? runs oift should ,be eased slightly in 
order tq^put the crease away. Should this be in« 
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effectual, easing, tne tube-rolls will slacken the strain 
and also help to put the creasesr- away, but when 
altering the tube-rolls care must be taken that the 
square is nbt altered. Tissue and copying*papers are 
most liable to crease, and sometimifs the top tube-roll 

9 * ^ • 

has to be taken out altogether in-order to prevent 
creasTi.gt though, usually, lifting it about one turn of 
the screw at each side will be sufficient. 

To prevent creasing at the feeding-rolls the top one i 
should be liftfirii, after all the tails ai^ in, and tljp size 
measured ready for a start, and a long utrip of soA felt 
about two inches broad wound round each end and 
made to adhere by means of resin, so that it may not 
coipe off, but press on the paper above the selvage 
■ which the end circulars are taking off. Enough fatlt 
should be put pn to admit of the jacket being raised 
"about one-stxteenth of an inch above, the paper. , 

Thfc cutter should not be allowed to run longer than 
two or thre^ minute* without paper if the knives are 
'in gearing, because, should they become heated by 
friction, they are«very difficult to put right again. For 
the same reason, care must be taken that no part of' 
the knife outside the breadth ofethe paper is left hard 
pressed. 

Should fhe kqife be blunt and anjr part of it pressed 
hard by means of.the spring? in order to make jt cut, 
'"the square i)} very iiable .tO bd alterrd, and while tjie 
back sheet may be all right the front’ pne will souiei 
times be half an inch off the square. • j|is is* 
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liable to occur when the centre springs Jkre pressed up, 
and iiiay be remedfed by inserting five or six plies o£ 
wrapper underneath the metal plat< at the back o'^ fhe 
dead knife.* This wrapper may either be’ put in at 
the front or the bask, according to whether the square 
is off tBrtne way,or file other, and the thickness of 
the plies can be regulisted so as .to give the distSnce 
that the sheet requires. 

The numbes of inches which the, carriage requires- 
,,to be fnoved whetj altering the draw dejjends on the 
angle or dip at which the frame is built. When finding 
•the square the sheets must always be tatcen from the felt 
in the‘one direction and folded in the same way, th^t it 
may be readily ascertained whether they are over,or 
^»der, should they require altering. 

When changing from the single to tljjS double draw, 
the square, though quite right when ranning the 
single sheet, will, owing to the •slow revolution oS the 
cross-cutting knife, be found to be under the size, the' 
variation depending on the length of the draw. ^ Should 
the draw Have been lengthened the sarriage will rc- 
tjuire to be drawn out allittle, and when changing back 
rjib the single draw it jvill have to be put in again. 

Ih^ttiiig angles the brackets should be drawn as 
hear jfo the front of the cutter as posable, so that the 
beside sh^t will, havf a shorter distance to travel 
the boards; and edre Aust always bc^taken when 
making, that th^papers ase not too broad for the cutter, 
^ if so, the points of the sheets wjll run straight into 



PkACTlCA^ PAPER-flAKIKG. 


160 

the frame insteM of down the felt. The second tube 
rolls, worked when cutting angles 'which come jip. to 
aboir; forty-five ^grSes, and sometimes over that, must 
always be perfectly square, or they will ciraw in the 
paper unevenly. 

When the tube-rolls are not drr.wing quick enough 
to keep* the paper tiglit, a ^iirn'or so of paper wound 
round them will draw it up quite tight. When this 
'paper is put on it should be kept about an inch clear’ 
of each edge/-otherwise the rolls arj-very apt tod^nock 
sniall holes or cracks into {be sheets. ' 

, If the feeding-rolls have been pressed for burnished 
paper, the blocks must be taken out before cutting 
papers such as cartridges, which are usually finished 
roiigti, as the hard-pressed jacket would put a glaie 
on that portiop which passed under it. The string 
‘across the 8ead knife should never be used when the 
draw* is fifty inches of upwards, as the slow motion 
of the knife, sends tfie paper over it, and thu? makes 
*it dangerous for the square. 

When starting* a new knife_ on the English cutter, 
care should be taken to see that it will go through 
without becoming locked; and^*with new,, or newly- 
ground circulars^ the same precautions shoulT!’bb,;,.m- 
ployed as pientiftned in connection jvith tjie revolving 
cutter. 

Should tb'j feeding-rolls' slip, and thus draw the 
paper unequally, a piece of Uiin papeVtjvound round 
the top roll will inaks them draw much better.^ While 
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the “ dancer ” mubt not be allowed to falf too far down, 
the^peger must not* be drawn so t'gbtly as to raise it 
against the plalfoi ni, or it will l<p sflre to cau%; 'a 
break. 

When quickening'the speed of the djum by means 
of the screw attached fq the arm, in order to bring 
up the name, the belt -should be put up the ;jrfe a 
little in order to bring up the draw from the reel, 
and thus prevont the “danecr” beeoming too much- 
drawn .up. 

When the cros'fe-cutting knife misses it should be 
raised up a little by means of the screw; this should 
be done Very carefully, in order to avoid the rislfof 
bringing it too far up, and thus causing it to grip ibe 
dead* knife. 

When cutting lined paper it may happen that the 
lines doanot come exactly parallel when the %heets are 
folded, owing to the dandy nbt having been*set 
perfectly^arallel on the machine.* 

This may be remedied to a great extent by 'lyinding 
thin strips of paper round the “dancer” at the side 
where the lines are farthest ahead. This has the 
effect of drawing the .side to which it is put so much 
back v;?’to'bring up the side which is farthest off the 
parallel. 

Finishing,—^The ^different Itages throughi which the 
paper passes in the salle*are entirely dependent on 

the qualities produced in the mill, agd thus the degree 

II 
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of overhaiiling^o which it is subjectdd varies with the 
requirements of each different mhl. As a rule, ,the 
highW the qifality and price of a paper the more 
closely is it overhauled, and, consequently, the greater 
is the proporljon of retree laid ouj. 

During the last year or two ^tfie engine-sized raaehine- 
finl^Cd papers have reached t» such a degree of per¬ 
fection that it would almost seem as if eventually the 
■better qualities of. tub-sized papers would be driven opt 
of the markpt altogether; and, consequently, thccngin©J*- 
r.izcd papers have to be much more Uosely overhauled 
than was thouglit necessary, several years ago. 






CHAPTER XIII, 

MlCPOSCOnCAL EXAMINATION OF PAPER. 

Notwithstanding what has been written about the 
reagents necessary to enable the microscopist to, 
distinguish the various fibres after they have Been 
made into paper, they are of little practical use. The 
redsJon of this lies in the fact that the groups into 
which the fibres can be separated by means of 
these seagents are those which are most* easily dis¬ 
tinguished without their use. 

The reagent most commonly tsed is ^solution of 
iodine in potassium iodide. Cottoi., flax, and hemp 
fibres, when moistened with this reagint, are coloured 
a dull red violet; esparto, straw, and chemical wood 
Jbres are nearly colourless, excepting the brownish- 
yelKw tinge of the solution. Unbleached, or imper¬ 
fectly bleached, wood and jute show tins yellow tinge; 
but, owing to the prWnre of the incrusting substibces, 
is milch more distincf. 

"Tn order to render the iolours more distinct,'a dilute 
’edntion pf sulphuric acid may be jised to moisten tSe 
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fibres, after th^ have been in contact with the iodine 
for some time. For the student of ^aper-making,* who 
merely wishes become acquainted with the physical 
characteristics of the various fibres, and thus be able 
to determine the materials of whidh the papeys qjhich 
may come upder his notice arc canrposed, a very good 
beglnfti.ig may be made jvith microscope provided 
with optics magnifying from 8o to loo times. 

*■ The glass slides and covers used in* moutjtinij, can 
be had fronwany chemical dealer, a;id cost very little; 
while the teasing needlep. can easily be made by in¬ 
serting the thick end of ancordinary needle in a small 
picc^ of wood, or the handle of a crochet needle, and 
bending the point to the desired angl^. after having 
heated it in the gas. ' * 

A small botilc of glycerine, for softening and ren¬ 
dering the* fibres more transparent, should t^so be 
^ proeflred, and a pair of small forceps will be required, 
in order tOolift on tod off the glass covers. 

Beforp beginning to examine paper, specimens of the 

g 

difFertnt fibres, safter they have been reduced to half- 
stuff, but before treatment in the beater, should be 
mounted, so as to be ready tv hand for comparison. 
Suppose the first of these specimens to b 3 'pre^.'.red 
is that of esparto grass, a small piece gf which has 
been^'obtained fron^the presseipSle^wh. As the ulti¬ 
mate fibres eare not firml/ felted together, they yield 
very readily when drawn ajfert by tfti^needles. 

A small piece should be placed on the si^^e to be 
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used, and having been covered with ^drop of glycer¬ 
ine, ^ould be separated into ultimate fibres by means 
of the teasing needles. It is mufe b*etter^to ex#mine 
three or four iso'ated fibres than a complicated net¬ 
work. as by doirife so the charactciistic structural 
details, together v ith the length and the forra'>tion of 
the ends, car be muca better seen. 

Papers to be examined should first be boiled for a 
few minutes in a dilute alcoholic siJution, in order tO 
remo\e the size c''ating from the fibres.* Even when 
aided by reliable*specimens, the work of distinguishing 
the various fibres is at fi.st attended with dillicultic& 
which can only be overcome by much practice. 

By using ^lute colouring solutions of carnations or 
r..a|;enta when mounting, the characteristic appearance 
of the upper skin is more distinctly brough| out. 
WheiP working with a low power objecti^le, the field' 
is enlarged, and thus the whole length of the fibres^ 
brought into view, with the resull that a<niuch better 
idea of the comparative proportions of the .different 
fibres is obtained. For this reason, the objective em¬ 
ployed for ordinary work should not exceed icx) to 150 
diameters. 

T 5 j,e advantage of becoming thoroij^hly accustomed 
to view the ,^bres under such a magnificat)pn will be 
much appreciated when a higher ftower is substituted,, 
in order to render the structural details oftenjr fibre, or 
■group of fibr^*-,' more ajlbarent. JiVhen changing the 
objectives from a low to a high pojver, the proportions 



I66 PliACTICAl. PAPER^AKim. 

must always be^borne in mind, as fibres which present 
a similarity of appearance, though ditfering as to Jeiigth 
andHiamel^r, ar^, af first sight, apt to be confounded. 

For instance, esparto, especially Spanish, may some¬ 
times be mistaken for linen, as sein under the .Jpwer 
power, -owing to its enlarged appearance, If it is 
possiSt? to obtain a little,of the pulp just after fur¬ 
nishing, flnd before the roll has had time to reduce it, 
and, again, as it ready to pass over the machine, a 
very good idea of the effect of the treatment tan be 
obtained. 

The quickest way to mbunt such a sample is to 
dilute it with water until it is thin enough to be viewed 
by'^ransmitted light, and then pour a little iiv*o a small 
glass live box, when jt is immediately ready to fce 
examined. Viewed in this way, the fibres are much 
less transparent, owing to the absence of the gly\terine, 

, and tlius the appearance of the external parts is mu^h. 
easier noticed. Examined in this way, cotton fibres 
will be reen to be quite opaque, while the transparent 
central canal of ftnen fibres wifi be very apparent. 

Cotton fibres consist of opaque, flattened, ribbon-like 
tubes, frequently twisted upon.'tHemselvess The side 
walls are thin, jwhile the central canal is large. ,^The 
outer skin, is rpug^ and granulated, presc^nting, wbeii 
d'y, a dark, opaqi’e appearance." When moistened 
with glycerite or Canada balsam it I’oses this dulne^i 
and becomes transparent X)a exambting the fibt^ 
before beating, one end will be seen to tape^ away af. 
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a slight angle to a fine point, while thtf other taiit-s the 
fcsin'‘gf an irregularly flattened knob. 

Linen fibres are long and, like*cotton, tijbular< but 
the side walls are much thicker and firmer, while the 
central canal, thoii|h smaller, is easily distinguished 
by its transparency, even when no glycerjne hfs been 
used m mounting. TI.ey are smaller in diarae'.er tlian 
cotton fibres. Sometimes linen fibres, notched like a 
bamboo-cane, .ire met with, though usually the side 
walls - are smootV and regular. (See* Plate VI., 
Fig. *11.) 

Hemp fibres are som what like cotton in that 
they are flattened in the same way and have a farge 
diameter; but^they are not twisted upon theniscl-res 
iv, the mannT characteristic of cotton fibres. (See* 
Plate I., Frontispiece, Fig. 2.) ^ 

Mai»illa fibres have a larger diameter than hemp, ’ 
and the side walls are well defiiftd, making the cftitral 
canal, v^hich is large, very easily leen. T|)e side walls 
are more uniform than those of the cotton fibres, and * 
present a more lustrous appearance v.hcn mounted in 
glycerine. (See Plate VI., Fig. I2.) 

, Jute fibres have unequally thickened side walls, 
whuji, however, are smooth externally. The fibres 
are very seldom completely free from ^ incrusting 
matters, which, when dry, obscurj the central ckn^ 
‘Wood fibre?, especisilly Aose from pulf* prepared by 
pe sulphite metnods, ar^ transparent. They'resemble 
i^ton fibres in their flattened, rib^n-like appearance, 



if'S PRACTICAL PAPER,'MAKING, 


blit can easily'' be distinguished from them by their 
stiff, rigid, wooden-like form. Not infrequently, wood 
fibre',, twisted upon themselves like cotton, are met 
with. They are long and of large diameter, while 
those from tlic pine woods show numerous -mall 
vessels or dots. When dry the upper skin is rough 
and grunulated in appearance;' and this is especially 
noticeable in “sulphate” pulp. When mounted in 
glycerine they become very transparent,* and it is only 
by carefully- gauging the focus tha. the characteristic 
dots can be brought into view. (Sec Plate V., Fig. 9.) 

Esparto fibres consist of short, smooth tubes with 
finely tapered ends. The central canal, though small, 
owicig to the thickness of the walls, is quite apparent 
Esparto can easily be detected, though present in '■a 
small,proportioti, in a paper) owing to the characteristic 
serrated cuticular cells which are so easily recognised. 
,(Sce' Plate V'., Fig. 9.)' 

The ultimate fibres of straw, though similar in 
appearance to esparto, are smaller both in length and 
diameter, and thh ends are more pointed. The rigidity 
and smoothness of the side walls are very apparent 
The cuticular cells vary in fjirm with the different 


kinds of straw f^om which the pulp has been prepared. 

Straw pjilp ?lso contains small ^oval-shaped cells, 
•"Viich are derived from the sift, pulpy matter of th®, 
stem, and, trhen seen, are a sure dndicatiot|j; of, 
presence of straw., While'' most of fhe fibte 


smooth and regular; sometimes they will be,seen to 
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present a pcculiai^y jointed appearance, which serves 
tosJisWnguish them from the smaller esjsarto fibres. 

The fibres of mechanical wo 3 d presegt a «hort 
tangled appearance, and arc bound together, by means 
of th ; incnisling s-Aistjnces, into small*bundles. The 
presence of these incrusting matters causes (hi m^to 
be dark and opaque;'and it is for this reason that 
mechanical wood is used to prevent the transparency 
imparted to papers made from highly bleached sulphite 
pulp.," (See Plate MI., Fig. 6.) 

The presence of mechani'-al wood in a paper may 
be detected by means of a .solution consisting of equal 
parts of sulphuric and nitric acids, a few drops of 
which wik pr(j|duce brown stains on paperrf:ontairIng 
n.echanical wood. A solutign of aniline sulphate 
forms a very good reagent for the dete .tion of qjecha- 
nical trood, owing to the deep yellow sta?n which it 
produces on paper containing it 
Thoiifh the difficulties in the way of making a 
quantitative examination of paper are great, yet to 
the paper-maker who fcas already become expert in 
distinguishing the various fibres in the finished paper, 
such an examination *is quite within the range oi 
p>os 4 ii'ility, providing that he can obtain samples, the 
authentic composition of which is knoyn, (fom which 
to prepare standard specin^ens. 

The first and .:hief difficulty lies in th^obtaining ol 
such samples; but should he have ^ccess to the beating 
department of the miD, he can, aathe result of some 
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little attention ^nd practical knowledge, obtain samples, 
the percentage composition of which is accurate <;pough 
for a',1 practical purposes. 

A very convenient way of preserving these samples 
is to fill a number of small glass-stonpered bottles,^ith * 
the different samples, the pccentage composition of 
which L known, taken from the machine breast-box, or 
better, as it settles down between the first and second 
slice. 

When it is desired to mount sueb stuff, a small drop 
of it should be lifted ou{ by meano of a glass tube 
drawn out to a fine point. « Before doing so, however, 
care must be taken to shake the bottle vigorously, in 
ord^'t that fhe portion examined may reprcseirf the true 
composition of the wholp. 

After the diop has been placed on the slide, the 
^excess of water should be removed before putting on 
^the glass cover, in ofd^r that the fibres may not be 
carried out cf the field when the cover is pressed down. 
This may be accomplished by carefully sucking it up 
by means of a slip of good blotting-paper cut to a fine 
point, care being taken that none of the fibres ane , 
disturbed, or made to adhere' to the blotting-paper 
when so doing. 

A very good^Ian is to place two spedmens of the 
, T.tnfr, or paper, on the same slide, mounting the one JS 
glycerine or( dilute alcohol, witkout ttfae addition 
colouring agent, while the dther' is co^pured witl>,‘i 
dilute solution of carnation. If preferred, a drop ^ 
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Stuff may be mounted alongside a piece? of the finished 
paj*ei*,,when it will at once be seen whether the action 
of the shake, 01 the contraction on tlie Jrying cylii^jlers, 
has had any effect in altering the distribution of the 
fibre?, * ^ . 

As the kjiowledge of fhe composition 'o£ the, papers 
examined depends for* its accuracy on the n-restilts 
obtained by comparison with the standard samples, it 
is obvious that; in order to obtain satisfactory results, 

no caft must be .spared in order to insure that the 

• • 

standard preparations may be trustworthy. 

When it is considered '^that the composition of % 
paper niay, through the addition of even a slhiall 
quantity jf “broke," reduced by the edge-ginner,*ir, 
iti may be, fu-uished to the gotcher with the grass, 
become very complicated, the difficulty of obtaining 
trustwsrthy samples will be understood. 

The degree of fineness to Mich the* fibres Tiave 
been reduced in the beater musr also ba taken into 
consideration, as the ultimate fibres^ of rags aqd wood 
are, owing to the length, more liabk to become cut 
up under the action of the roll than those *of esparto 
and ^Iraw. The presence of fibres added as “ broke " 
i? rjqfh more easily recognised in pajiers made from 
long stuff, owing to the greater degree^ of fineness to 
CMich they have become reduce^ consequent 'iipgsw 
having beca in (fontact with the roll* and plates 
8qc|sech ofteger. 

Viewed microscopically, the vatious forms of load- 
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iiig arc seen <() be possessed of feflturcs siilTiciently 
characteristic to make their detection a mattei^of, no 
groflj* difHfulty,Especially after the microscopist has 
gained a knowledge of tliese charactcnstics. The 
finely-divided 4)articles of which "barium suljihate is 
composed are* seen to differ -^oni tbose of'china clay, 
in* thatathey are mostly wcdge»-shapcd, while the clay 
particle^ are irregularly rounded in form. 

" Pearl hardening is composed of minute needje-shaped 
crystals, the#pccuiiar form of whicli makes then* easily 
recognisable. (See Plate VII., Figs. 13 and 14, and 
^late VIII., Figs. 15 an^Tifi.) 
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CHAfTE’l XIV. 

TE<;T3 HOR INGRF.DIENTS OF PAPER, 

Animitl Size.—ThJ presence r>f animal size in a paper 
can be detected by means of iSe reaction with tannic 
acid. A piece of the paper to be tested is torn into 
small fragments and placed in a test-tube. ■ A snjiall 
quantity of distilled water is then poured in, and the 
tube held over the gas for some time.in order that 
the bojjing may extract the gelatine, ana ah the Isame 
time concentrate the solution, so«that the [eaction4inay 
be fhd nwre easily noticeable. 

When it is considered that tlie s.ze has been ex- 
> tracted the coiling should be stopped, ;jjid after* cooling 
the tannic acid should be added. If aninml size is 
prese.nt a flocculent miiky precipitate will at once be 
fonyed, owing to the ’'tannate of gelatine produced 
by thV>cl}mbination of the gelatine Mth the tannic 
acid. 

The consistency of Wie {Jfecip'tate dep^ds on ffie 
amount of animSl sice present, papers sftW with a 
strong solution of gelatine yielding a thick gelatinous 
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precipitate; w^iilc, should the.sizinfe be weak, a thin, 
milky precipitate will result. 

' When the Reaction is so weak as to be scarcely 
discernible, Millon’s reagent will require to be em¬ 
ployed. This reagent is prepared by dissolv,ing a 
known weight of quicksilver in ap equal weight of 
Aiming nitric acid, and after cooling adding an equal 
volume of distilled water. 

. When paper containing animal size .is moistened 
with this splution and brought tq a gentle heut over 
the gas flame, a red colour will be produced.' This 
colour will vary in intefisitfi according as the sizing of-' 
the'paper has been strong or the reverse. 

'Alum.—To test paper for free sulphate of alumipa 
half a sheet should be torn into small pieces and boiled 
in hot wat::r until it is reduced to a pulpy state, when 
the Contents of the small flask in which the boiling 
has been conducted should be poured on to a filter, 
and the pulpy mass well washed. 

The filtrate stould next be boiled for a few minutes * 
with a sntall quantity of ammonium chloride solution, 
together with a slight excess uf' ammodia, when any 
sulphate, of alumina present will be precipitated es a 
finely divided w^ite precipitate. 

'’Staroh.—?tarcb can be‘'deteS:ted ,by means of the. 
charactefistic blue colour pioduoed when a drop oil 
.iodine is placed on^'a paper to whieh staich has heep 
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added. Before tht amount of starch present in a paper 
cai^ he* ascertained, the size coathig must first be 
I'emoved. Thfs is accomplished by^boiSng the sample 
to be testeif in a strong felcoholic solution, acidufated 
Svith a few drops o£ hydrochloric acid, until the'resin 
has gone iato solution. 

The pap?r is then rjashed with alcohol,* drieh,' arAd 
weighed. It is next boiled with a more dilute alcoholic 
sqlutioq, alsp acidulated with hydrochloric acid, unlij 
all the^tareh has been dissolved out. Th^^point when 
this ife accomplished is determined by means of a 
dilute solution of iodine,^ w.Ji which tlie paper Ts 
mqistefied from time to time, until the characteristic 
^ue ^luur ceases to be produced. 
ll^Aftef washing and drying,, the weight ’ is again' 
determined, when the difference in the fwo weighings 
will gi^e the amount of starch present. * 

Chlbriies. —Should it be suspecied that any of the 
chlorides, resulting from the decon position of the 
bleaching powder solutions, are present in the paper, 
the simplest method of'proving their exisUnce is to 
precipitate them by moans of silver nitrate solution, 
to jrhich.a-iew drops of pure nitric acid have been 
addetf* 

To accomplish t|^js the paper to bd tested slAauld 
be boiled with a ^mall‘<quaitiity of distille^ water, and,« 
after filtering, a Yew iropo of the silver soKnien added 
‘to the filtrate" Should chlorides^ present a white, 
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curdy precipit^ite will at once separate out, which, when 
exposed to the light, will soon becoAe blackened, 

lingine Size.—The presciYcc of engine bizc may be 
ascertained by heating small pitees of the _pa^>er to*, 
be tested in, a strong alcqhWie soiutioi>, when the 
ivsihatc of alumina will be partly decomfiosed. By 
adding a considerable excess of cold water the dissolved 
resin w'lll be precipitated, as it is inso[ul|}c in ,a dilute 
solution of^Icohol. 

Schunian's method for the determination 6f the 
imount of resin consk^s ,in he.ating the paper in a 
dilute solution of caustic soda until the resln'is dis¬ 
served, and after filtering and washing the paper well, 
adding to* the filtrate sufficient quanfity ol sulphuric 
acid to decompose the resin soap. The precipitated 
resin' is tljen obtained by pouring the milky yplution 
through a weighed filter. 

After washing and drying, the filter contatniii'g the 
resin is carefully weighed, and after deducting the 
weight ‘of the ,.^filter, as previously determined, the 
weight ofc resin is found. 

Mineral Substances.—The affiount of miwral makers 
pre.sent in a satnple of paper is ascertained By Burning 
a ktown ‘weight of it in a sraa^ platinum crucible, 
c’afid from the weight of Ihe aeh calculating the per¬ 
centage 'ssiitained in it. 

When pearl hardtning is suspected—and it can easily ‘ 
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be (ielciti'd, owing'lo the purity of tlie ajsh wlien com- 
pariuJ w’lli the dull colouf of china clay -the blow-]>ipc 
must be used with caution, as it (the^sip is vpry Ifeble 
to be fused afid blown out 6f the crucible should it be 
'Vigorously fannet'. 

Owing toihe rednrin^jy.'ti(>n of the caT 4 )on, i ash 
from pearl hardening \fill contain a quantity ^of it? 
weight as c.dsium sulphite, and should be mr.istcntd 
with siijphuric ,acid and again buracd in order to« 
convertithe sulphite^back to sulphate. 

WhAi calculating the percentage of pearl hardening 
carried by the pulp, it must }>c tome in'mind that, as 
the harfaning when added to the engine contain* 2 
atoms of water, 136 parts of the ash are equ»l to 1 
parts of the harSening as furnisljed with the pulp. 
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RECOVERY OF SOD^. 

Incinerati&n.—At first a matter of compulsion, spring' 
>to the pollufion cai^«ed by running the .spent lye 
fr^ra the boilings into the riv^fHJie inc'neration, 
^nd recovery of the soda has, under the conditions 
pf working made possible by the improved forms of 
roasters now in use, tecome a source of profit to'^the 
paper-m^er.' 

yhe idea in roastjpg the spent liquor is to'^burft up 
the non-ce'i'Iulose substances which the soda has dis- 
solved frohi the raw materials, and which are combined 
with it. 

The Porion roaster, owing to the simplicity of its 
construction, and the excellen,t results that can be 
obtained when it is properly manage^ is the one^ 
most psed im. this country. As usually „<;oii^ructa(^ 
it ^ainsiats an evaporating chambeP, ki which, ife? 
^'e is concentrated by dhe< hedt from the .ga^aaCip 
their to the chimney; a edimbustion 
which serves thp double purpose of retaiidng^^- 
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liegt and consuming the smoke; a pa« in «hich the 

incineration is conducted; and a suitable furnace to 

* ’ • * 

supply the heat on which the se^er^ stages in t!!e 
recovery defend. With this roaster all liquors Irom 
•’5° Twaddle car. be profitably evaporated. 

The lye, as it conits. from the boilers. store 
tanks, entcts the evaporating chamber, wliich^is pro¬ 
vided with tapidly revolving fans, or splashers,‘as 
they aj;e s'.mietimes termed. Thase splashers dip 
into tl’.e lye, and, ns they revolve, throw ^ up against 
j the rot)f of the cRaniber in a very fine spray, through 
which the hot fumes froi.i.^the furnace® and pan pass 
on their way to the chimney. This has the effect 
of greatly increasing the evaporating surface, a*ld 
thus liquors enftring the chaml^cr at 6° or f Twaddle, 
leave it, on their way to the pan, gqncentratcd to 
35 ° or ,40°. 

'^The greater the concentration* of the l;^e on eirter- 
ing the pan, the less water remains to bc^ driven off, 
and thus the' roasting can be accomplished with a 
smaller consumption of coal. 

It i* the practice in s8me mills to draw IJie charge 
%f soda from tthe pan snee every twelve hours, and 
where this *>'ode of working is adopted the lye is 
tdlowdS* tc?* run from the evaporating Rhamber to the 
pan in a continuous ^flow for about 3e\en BburSirfind 
only shut off about four hburS before the tinje for draUr- - 
inj. During the* tim#. thg| the charge is i(U.ming off 
t^^iabda must be well worked hr the pan, so that 
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it may be ptf.fectly dry, and of b dull red colour 
when drawn. 

If oftqn happens, csiiecially when much rag lye 
has to be burned, that {he liquor betomes mueh 
reduced in s.trength, and taxes'the energip^of the 
roaster-men 'to the uttermost* to ,get the pan ready 
in tinif. When this is the Case, the damper qhould 
be opened more than usual, and good <lires kept up. 
iWhcn, however,' the liquor is of tha urual strength, 
the dampqi should be worked^^ as much ahut as 
possible consistent with complete' combustion. In 
, this way th6 tempefatufc of the combustion and 
evaporating chambers is kept up, and the toncentra- 
tiln of the lye much more easily effected. 

■^When burning off,, special attention must be pjid 
to having tlie damper well shut, otherwise a con¬ 
siderable * portion of the finest of the soda,will be 
cantied into, the combustion chamber and on to the 
‘ chimney. , 

By regulating the roasting so as to draw three 
charges in twenty-four hours, a better yield of soda in 
proportid. to the coal consu'med can be obtained, as 
by such a method the burning is cftnducted more 
rapidly, the proportion of soSa carried'W.vcy by, the 
draught is much less, and 'ihus the yiel^ il' iiiEreased, 
W(frking''in this way, 20 cwts. qf completely calcined 
'• soda, containing 45 per*' cent, tofal alkali, can be 
obtainefTwith a consumptitn of 25‘cwts. of coal. 

The coal used |hould be as free frW suIpht^M 
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po^ible, as any sulphur present comijines with* the 
snda jUid reduces* the yield of caustic in the subse- 
qucnt causticising process. Wliilc the cake, v*liic 4 i 
forms on the lye in ihe* process of roasting, Aust 
inot be allowed to become hard, it should not be 
broken up too frcquenlfy, or greater difljcultv; rill be 
experienced*in keeping,up the heat. 

After dravjing, the soda should be loosely laid 
down, in such a way that it may l)urn out withouj 
running together and fbrming a cake. Iiyibout three 
days St .should Be turned over, and in about eight 
or nine days will be ready, io” the lixiviation tanks; 
The iciigth of time for which it is allowed tq, lie^ 
generally depends on how soon it is required. 

Lfadviation.—The soda-dissolving tanks are generally 
three or four in number; and, indeed, to cgndust the 
extraction of the soda in a satisfactory wa;j four o%five 
tanks'arg necessary. The dissol^ng is conducted in 
much the sam*e way as the washing of the grass in the 
steeper tanSs. When the soda has I sen put In it is 
covered up with water, wfcich has previously^een used 
as a third wat^r. 

After tho «oda has oeen covered with this weak 
liquoi* pumped from the w«ak liquor ta#k or allowed to 
flow from a charge which has been exhausted awd is 
ready to be cleaned out, ele*n water, generally healtd,i 
though some prSfer jip n|e cold, is turneS ■oa, which, 
sftej passing 'through one, two, ar three tanks, a?- 
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cording to the, number of tanks employed, rises on to 
the fresh charge, and, passing through it, is run ,to.the 
store tank as a<irst liquor. 

Fnis extractio'n may be continued for twenty-four to 
thirty hours, or even longer, according to the system' 
adopted and ^lie strength of the recovered soda, and 
the'liquor Should stand about 2° Twaddle when first 
run oft. This strength vtiil gradually bijcome weaker, 
until it Reaches 23° Twaddle, when it is fqrned fiff, apd 
made to run-on to a fresh charge, which has been put 
into the tank, cleaned out in the interVnl. 

•’ After running into this fresh charge for some time it 
is s|]ut off altogether, and steam turned on 'td boil it 
fo^, ten to„twelve hours, and the liquor, after allowing 
sufficient time for settling, run to the wtak liquor tank) 
when the mud is lifted out and the fresh charge 
I furnished }p the tank. 

Another method of extracting the soda is to cover it 
twith the liquor taken from a third or fourth beading, and 
boil it for twelve hours before running off. After 
running' off this^ strong liquor the tank is' again filled 
up from ^ charge boiled for the third time, and then 
boiled for other twelve hours, the liqvor run off to 
the store tank, where it is mixed with the ••*'cing liqjjor. 
If the 'koda is nW yet exhausted another liquor sday be 
take*! off tefon: allowing the mud, to boil for two or 
ithfte days. 

'fhis thsii liquui iiiajr 
considered strong eftough, and, if not, usfed 
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tre^h charge. Wlyn a fourth liquor is tgken off it'goes 
to the,\#eak .store ^ank, and is used to cover the fresh 

charges* put in. 'I'he strong liquor obtained by, this 

* * # 

method will stand about 7 q’ Twaddle, me second Aout 
15° Twaddle. 

A ii^sf and second liqsor are run off togeth^ every 
day, and tiK strength the lye in the store tank is 
maintained about 40° Twaddle. In some nfllls the 
soda is difsolved in circular iron talks, divided into 

^ W • 

two cojfip&rtmenis by a •perforated iron partition. The 
recovered soda is»piaced in one of the ^^isions, and 
after being covered up wilh wgak liquqr is boiled by 
means af a steam-pipe winch reaches almost to^thef 
bottom of the tank. The agitation is furthei; increased 
toy a bTastfof .oiadiawn in with the steam. TTe charge' 
is'boiled until it is quite exhausted, and then another 
quantity is put in,-the tan^ being cleaned out once or 
twMce during the week. 

After |he non-cellulose matters^ extracteo from the, 
plant substatfecs during the boiling, have Seen burned 
up in the rhaster, the soda, owing to the oxygen and 
carbon which it has taken up during the calcination, 
and ,nrior to jiiat, dudng the boiling, has become con¬ 
verted intq ^dium carbi.nate. The action of the water 
in tlib, li.-Hviatipn tanks »has simply* separated the 
sodium carbonate from the insoluble igipusities;«and 
' before the Jiquor thus jjataked raft be substitutedrfor, 
: the. caustic sOdBatoyght Jrom the chernii'.', gianufac- 
Toi^rj it must'be converted from tlie carbonated to the 
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causftc state. ,The following equatien shows how that 
chemical change is efFoctcd :— 

« ^ «l 

Oirbonate of !*Hla. « IKine waler. Oiuslic soda. Carbonate oflime. 

Ki.CO,, + *'OiO + n,0 <= 2Nii()H +* CaCO, 
46+112 + 48 + 40+ 16 + 2 + 16 “ 46 J2 + 2 + 40 + 12 + 48 ' 
106 + ' 56 + 18 So + ' 1«J 

*' A glance at the figures wilf show that '56 pqr*® of 
lin1e are required to convert 106 parts- of carbonate 
pf soda'into the caustic state, and thaf tJie amouniipf 
caustic projl^iced from these quantities does not«exceed 
80 parts. In actual practice the yield of caustifc soda 
fe less than the theore/ical quantity, owing to propor- 
tioiss retained in the lime mud. • 

tin somtt mills this causticising process is conducted 
in circular tanks, or Ijoilers, fitted wrih agitators, to 
ensure the thorough contact of the lime with the liquor 
to be'causjicisild. The liquor from fhe lixiviatipn store 
tanb'. is run into thee boiler and generally reduced to 
obetween 20° and 22S Twaddle. This reductio* i^ ren¬ 
dered necessary owing to the fact that a strong solution 
of sodium carbqnate would react on the caustic first 
formed, aijd so retard the opefttion. 

The boiler having been filled' to thc+usual height, 
the steam is turned on, and tBe lime pu‘ into a sigall 
cage fitted to tfte side of tte boiler in suclfa position 
that* the Kme (is immersed in the liquor. As the 
ce^tion proceeds tlie limb isegradually taken up by 
the carbente acid of the carl^pna^e ofloda to form the 
5imt: carbonate, Icft tis the gediment in thi boiler, while 
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thp soda unites with the oxygen and Jjydrogen 'ot the 
watef to form caustic soda. 

To’ascertain when the reaction has >been ^completed, 
and all th» soda prcstnU as carbonate converted into - 
caustic, a little of the liquor is lifted out, and, after 
allowing the lime to *ttle, is treated tyith a solution 
of equal jitirts of sulphuric acid and watdr. ' • 

If there l^p any cfFervcseence, due to the ?scape of 
carbonic acid stil' uncombined v«th the lime, the 

* o. '' • ■ 

reactipn is not complete. Either the lime added has 
not been sufficidht to combine with all the carbonic 
acid present in the carboi.ate, of soda, and more must 
be added, or sufficient time has not been allowed to 
complete the reaction. Should no efTervcscence lake 
place on* the Jkldition of the testing solution, all ^he, 
sodium carbonate has been converted into caustic soda. 

When the washing water from the boijfrs i« usetb 
to bring the liquor to the desired strength, mor^ lime 
will'recpiire to be added in ordet^to combine with thti 
carbonic acid present in the washings; and even then 
the caustic*liquor will be apt to froth on beirfg tested, 
owing to the presence •of uncombined canonic acid. 
After the rt^iction ie ^nished the agitator should be 
sh^t out.a.n'^ the lime 'allowed to settle before the lye 
is drfsivn <3tf. 

About an hour is required for thisi; and, aftsr the 
lye has been run to tl^; tahks from which the supply 
for the boiler i^ drajyji, lime mud is agaici agitated 
boiled fol' ^bout gn hour, whet the litjuor obtained, 
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after settling, also run to the store *ank. The weak 
liquor' drained from the lime mud should be used to 
coKdutt this sctond extraction, which should stand 
about*6° to 8° Twaddle. 

Should a third liquor be taken .,off it is better not 
to boil it, but only to bring it to boiling ')oint,**and 
thru shut off the steam; as wlvm boiled for'the third 
timerthe'‘lime mud become* pasty, and, in addition to 
retaining'caustic, iq difficult to drain. 

By running up a boiler with fne drainings froci the 
lime, and allowing it to stand for abo'uftwelvc to frfteen 
hoars, a caustic solutioii standing about lo"' Twaddle 
can b,c obtained. Before settling it should be allowed 
to mix for an hour or so. 

, I.n order to oxidise the sulphur comfibunds, princi¬ 
pally the sodium sulphide, which have been formed 
by the actipn of the sulphur contained in the coal, 
a strong current of air is sometimes blown into the 
boiler during the caus'icising. In addition to opidftting 
the sodium sulphide to sulphate, it has the effect of 
loroducin^' a much more thorough agitation of the lime 
and the sodfi. ' 

When the causticising vessel, oansistsvof the egg- 
shaped boiler, which is preferred by nway. papej- 
makers, the agitation is maintained by means of'thd 
steaoKfand air, when the air-blast is .employed) issuing , 
ftnnr'small holes in an iron ^pip§'laid along the bottom 
of the boUer.'-- Very mucK better,, yesufts are 
be obtained when .uaing this form of boifor. 
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Jhough the aluniinate and silicate (tf soda present 
in th« recovered liquor arc, to a large extent, decom¬ 
posed during the causticising proces^ a copsidaraMe 
amount of iJtida is retained in combination with fiiese 
"■tompounds, and thui rendered unavailable. • 

In causticising hquof obtained from the stjcnt lye 
in y/hich sfraw has betji boiled the loss arising Irofc 
. this cause is very considei able, owing to tlfe large 
proportion of silica in combination with the soda. It, 
is claimed that by treating the recoverej^liquor with 
nicarttonate of so 3 a, prior to causticising, the aluminate 
and silicate of soda are dccorposed, with the result 
*"that piattically the whole of the soda held in cqpibi- 
bination is set free, while the scditim sulphide is iJsc 
decomposed. 

The soda added as bicarbonate is available, and as 
much ^ II per cent, of alkali can, it is saij, be*saved' 
by employing this method. The plan recomm«ided 
by the gdvocates of this system is to boU the liquoi* 
to which the bicarbonate has been added fof a quarter 
or half an liour before adding the jjsual amount of 
lime. 

In' place of*:austicisiflg by means of lime, ferric oxide 
mqy be use*’, as a causticising agent. This process 
possesses a distinct advantage over th^lime method in 
' that the caustic sohuion is obtained inaa eSneentfated 
form direct from the lii8»riat!bn tanks. 

The irationale of th^ptacess consists in the expulsion 
dtoClfecarbon’c acid frpm'the recovtfed ash wRen fused 
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with ferric oxi(ljf. The sodium ferrate thus formed„is 
decomposed during the lixiviation witli the formation of 
cjwstv' soda sokition and ferric oxide, "which is thus 
availftble to caus.ieisc a secorvd charge of s«da ash. It 
will thus be seen that the ferric qride, owing to this 
regeneration, is continuously available. . ‘ * 

«This proctss, nolwithstandingeits advantages, is more 
suited tJl the needs of the ehcmical manufacturer'than 
to the refjuirementp of the paper-maker. 

Multiple Ejects.—During recent'years' the principle 
of' multiple effects, seep in its simplest form in the 
e’vapprator of the Porion 'tyP^» has been niaiie the 
basils of several new systems of evaporation. The 
pripciple of multiple effects, as applied to evaporation, 
ir dependent on the fact that the boiling point of a 
Ciquid «'s lowere.i in proportion as the pressure exerted 
on it^.surface is diminished. 

( This is the reasoiy.why the temperature recyiirad to 
boil water at* the top of a hill is less thafi that found 
neccssarjf at the bottom, where the atmospheric pres¬ 
sure exerted on itn surface it greater than that to 
which it is subjected at the greater, height.* 

Under tlie normal almosphewc pressurfeof,i4'7 lbs. 
per square inchitihe temperatiire at which \watert*boils 
is 2K° Fakr. ;^nd by lowering the pressure in the 
shamber in which fhe cvaporjfion is conducted, by 
means ot a •vacuum artificially ^roduted and main- 
ipined, a correspon^n| reduttion in tht pumbcr*of 
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degrees of heat ,^.cccspary to elTect tli^' conversion of 
th" IkjT'id into steam can be effected. 

Thus under a vacuum of 5 inf lift •= ig Ibi. jftr 
square inclf of surface pressure, the temperatufe at 
which water will bwl is 195° Fahr.; 10 inches vacuum 
represents 185° Fahr.,* 15 inches 160° fahr., and at 
2fj i,nchcs*the tempcri^ure is reduced to* 15c' faUc. 
The eflicieiitty of the muluple effects evapofator is, 
howevrjr, la'gijy dependent on another peeuliari^^ 
connected with tlie boiling of liquids-^uamely, tlie 
utilisStion of the latent heat contained in the vapour 
given off when water is coiucrtcd into steam. 

Eac/i ‘pound of water converted into stcaip at 
atmospheric pressure absorbs 1,146 heat •units, ?ju!. 
about 9^5 of* these units h^ve been absorbed .in,, 
producing the molecular change from wjter into steanq 
and w|jen the steam is again brought into cyntafft witff' 
water at a lower temperature, it yields uj) these iatent 
heat^niis, with the result that tlie temperature of th» 
liquid in contact is raised; and if, as in the case of 
a vacuum evaporator, the surface pressure be* lowered 
in the proper degree, it*becomes i*)ssible ^ raise the 
temperature «f the mji,*id by means of the latent heat 
torfhe boSinj point required under the lowered pressure, 
and dgaiii utilise tha latent heat of^he vapour thus 
produced to raise | further quantity ®f Ikpuor *nder 
a still loww pressure Ho Ifciling-point 

In the multiple effcets^vaporator, the fapoer from a 
liqaid boiling under, norfnal pressure is made to boil 
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a secfcnd portign of tlie liquid, the pressure upon the 
surfate of which has been diminished by meah$ of a 
vacupm j^ump. "By further reducing the resistance of 
the ‘firessure of the surrounding atmosptere a third 
portion of the liquid may be brought to boiling point' 
Thus it will,be seen that the ndmber of effects is 
di^pilndent On the vacuum which can be obtained in the 
evt^orifiors. , 

In the system Ifnown as the YaryaUj the spent lyes 
are made to flow through a system of pipes inclosed 
in an.egg-sliaped boiler or shell, into^which, the cteam, 
for conducting the evaporation is led. As the liquor 
Hows through the pipes, it is conceptrated by»the heat 
from the s^eam playing round them; and at the end of 
eaph effect it is made to flow into a sfjecial‘chamber, 
in which the separation of the concentrated lye and 
ilhe steam prodaced by the concentration is effected. 

Oi} leaving the separator, the liquor and steam are 
,conducted through separate pipes to the next qffeck; in 
which the former is, through the agency bf the latter, 
still further concentrated. 

In a quadruple-i^ect evaporator the steam pressure 
is maintained at 20 lbs. per spuare inch in the flrat 
effect, by means of steam supplied direct /rom |fie 
steam boilers. C'he steam fpom the separator dl this 
effect: enters th| second effect at a pressure of 
^r» square inch, an 3 afterfeS^mg the concepli^on, 
passes on t» the third effei^, a^a pfbssure of 5 lbs. 
To carry out the qoncentratkin with this jiressurt «. 
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Vgcuum of 17 in^-«qual to about 8^ Ib^ is niaintaineJ. 

JrutJie fourth effect the vacuum is furtlier increased 
to about 24 fn. With the apparatus,' dcscjibedi 1 /es 
cnteiing th% iirst effect tit from 8° to I0° Twaddle are 
concentrated to bejween 40“ and 44° on issuing from 
the last effect. 

^^Apart ditogether frepi the expense connected with 
the fitting ig) and upkeep of such a system as the 
Yaryaii, it is very doubtful if it can Hold its own wh«n 
comp''red with the evaporator of the^orion type. 
Witbthe latter, Ifqubrs standing from 8”' to 10” Twaddle 
can, under the ordiqary conditions of working, be con¬ 
centrated to 40°. 

Another serious drawback connected with*the Yai^an 
is the di^ficuit^experienced ii^ cleaning out the tubes. 
The deposit which gathers on the inside of the tubA 
is so extremely hard that it can only “be tg:mo?ed 
means of long and tedious scraping. 

Veryjiood results are said to ht obtained from th« 
Chapman an^ Fawcett multiple effect evaporator, which 
is somewhat similar in principle to the Yaryan. It is 
capable of dealing wiBi liquors lat fror|j 2° to 4' 
Twaddle, aiyi of soijcentrating them to from 44' 
tti^46' vjit|it!:conomieal results. 

* In*>the Gaunt multipl* effect eva^rator, which it 
largely usetf in American mills for dhe tevapoiatior 
of soda liquors ^from'frool pulp'boiling the lic(lioM 
iare madft,to flo# ov*^a series of pipes through whid 
il^ steam js'conducted, find liability to choking up 
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whicli is such p drawback to the S3’steins in wliich the 
concentrated liquors flow through tlie pipes, 'iSi tlius 
olivia,ted. ^ 

Tlte first efleft is usuallyusupplieJ witif live steam 
underi pressure, and the steam gi\|i?n ofl' by the liquor* 
in contact witK the heated tubts is led to 'he second 
efeSt, and ‘utilised to further‘concentrate* the hqu^)! 
from willch it lias been driven off in the first effect. 

As in' the Yaryan, the number of effects crpployqd 
depends on the density and volume of the liquers to 
be dealt with, and the fact that it becomes dKlicult 
to-maintain a circulatiop when thq liquor reaches the 
neigljibourhood of 40" Fahf. 

7 lhe Scott Hultiple Effect.—In primftple, the Scott 
irjcovery plant varies little from the other well-known 
'types,‘-quadruple effect being the usual form^pf in- 
stalla|ion, although other numbers of effects are installed 
recording to the steatp supply available and thd-vofurae 
of liquor to be treated. 

The hbating surface is arranged in senes 01 in. 
and 4 in. tijbes,.a number of S in. tubes being placed 
round each 4 in. tube, so that the lattar may draw 
down from the top of the paif the liquor which .4s 
been thrown intf> it by the n in. tubes. Tllfe nttmber 
of 2 in. tubes isi generally about fi^ to one 4 in. tube, 

, bat this varies according to llie lAimbej- of effects. 

The result^of this arrangqmepfr is \hat fhe liquor 
travels so rapidly ojter the heatmg surface»-while "at 
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the same time keeping the tub^s full liquor—that 
deposition on the*’ tubes is reduced to a*minimunf, and 
they rdtpiire ccmparativlly little clcanirg. 

Other things Lei.ig equjl, this frted’im from liaBility 
to choke up 1? a very valuable feature, as the 
cleaning and replacing of choked tubes is very 
considerable item in tbp cost of upkeep of a mulflpk 
efcct evaporator. ’ 

In comparing the results obtained from differen^t ^ 
fopms ol' evaporators tmd roasters, the strength and 
uniforpiity of the* lyes are too often ovwlooked, and 
consequently a false opinioii of the merits of the 
system’- compared is obtained. For instance, a roaster 
working when only the first liquors and wajhings J.re 
evapotated will,show much better results than coula 
obtained from the same form of roaster when twe^ 
washings have to be burned. 

AgaiiT, when a considerable quantity ot rag ly^ has 
to bg evaporated, especially if it^be froSi the better, 
grades, the*amount of coal consumed will be much 
larger in proportion to the turnout ol' soda, tha.i would 
be the case in roasting equal qjjantity of lye from 
esparto or straw. 

Eotary Furnace.-Duriag recent years 
the, introduction of the Warren rotajy fgrnace*has 
made it'possible to*effe:t tie inciileration of the aonj 
' centrated liquor# mo^e e^editiously, and/vitlg greater 
ecQhOmyt than is possibk with th% furnace or pan of 
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the I'orion tyjje. Its perits were ■'fiuickly recognised 
in American mills, with the result th<it it has been 
largtjly introdui.ecl in conjunction with multiple effect 
evaporators. 

The fire-box, which is of the usuc,! type, is so arrangeii 
that it can be drawn forwards to allow of easy access 
toThe furtiace proper. 

The furnace consists of a cast iron, casing unco 
with firebricks, similar to the rotary pilns _,psed in 
cement manufacture, being conical in shape, with the 
larger end towards the fire-box. The rotary ^move- 
n.ent is obtained by means of wonp-and-screw gearing, 
whi):h drives the wheels into which work two iron 
rails fixed round the outside of the furnace. 

»By a very ingenious arrangement the throat of the 
‘furnace is protected by a water-jacket, which, howevbr. 
Is filled fljith ' liquor from the feed tank, and by a 
suitable arrangement.of pipes the concentrated liquor 
cis driven upwards on becoming heated, ;!nd\ replaced 
by a continuous flow of cooler liquorl The liquor 
already'concentrated to about 40° Twaddle is run into 
the end oj the fumace farthest from the fire-box, and, 
coming into contact with the flames, is at once ignited,, 
and before, it has reached the 'lower end the organic 
matters-are cotupletely burnt up, with the‘result that 
the'black ish vrhich drops out in^a continuous stream 
Ttbrn the opening under the lipbtecting jacket is ready 
for the dixivi'ator. 



CH/^PTER XVI. 

TESTING 6‘F CHEMICAIS.-TEST'NG WATER FOR 
WFURJTJES. * 

Caustic aud Becovered Soda,—The amount of actual 
'soda (NajO) preseat in c-iusiK and recovered soda is 
determined by means of the reaction with a so^ition 
of standard sulphuric acid. This standard or normal 
solution* of siBphuric acid m^ay be prepared in ine. 
tollowing manner. • 

•Strf^g sulphuric acid is diluted with jwatft' in*ii 
porcelain basin until the solution stands ab^yit 6° 
Twaddt. ^ After the acid and water have bee* 
thoroughly mixed together, a suhicient quantity is 
withdrawn to fill a 50 c.c. burette to the zero mark., 
To ascertain .if this soltition is nosmal grams of 
pure dried aodium tasbonate are dissolved in boiling 
vupter ift a email flask, and coloured with a few drops 
of lifaius, • The acid solutpn is then allbwed to flow into 
this soda solution 'ijitil the blue colour«is dischar^d. 

As the acid is being, ruff in, the flask^ should from 
time to time be’shaten with a circular nlbtiois so as to 
ensure that* the point %hen thcceaction is complete 
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may 6e the wore quirkly dcternifc^ed. When the 
solution in the flask begins to take on a slightly purple 
tiftge tjie Cow shbiild be checked until if merely drops 
slowfy, and the fiask gently shaken until the appearance 
of a f&int violet colour shows that.ehe soda originally ■ 
present iS*neutralised by the acid, wnen the cock should 
bt? shut, and the number of f.c. run off careftilly noted^ 

'Fo ensure that the dischfirging of the blue colour is 
,npt due to the carbonic acid present in the soda 
solution, thq,,flask should be placed above a Bunsen 
burner and the contents boiled for a lew minutes,'when 
in*all likelihood'the bluf colour will, be restored, owing 
to tbe expulsion of carbonic acid. 

Iflore of'the acid must then be added, drop by drop, 
until the red colour is permanent after 4 »oiling. If the 
solution is nortnal exactly 20 c.c. will be required to do 
ibis. •Shopld Uiore be necessary it '.is too weak, Sid 
morejof the strong acid will require ti be added to the 
eontents of the basin and vigorousljt stjrred. before 
another quantity for testing is withdrawn. 

Should less than 20 c.c. be sufficient fo complete the 
reaction, mpre water will requiffe to be added to bring it 
to the desired strength, which ‘mSy not be arrived at 
until several testinjs have bebn' made. Fot grea^er 
accuracy 2'i2 gfams may be' taken, and in'ithal case 
40 Pc. w:H bb required to turn the lit:.t]us red 
peritianently after boiling. 

■ When* the'Solution has bam(-h.'ought to tljie exact,! 
»trength,it should^'be translehred to a‘ls5ige\ wide*: 
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iiV)uthcd, well-sffypcred bottle'which, should then fie 
hbel]etl "Standard Sulphuric Acid i c.c. = ■03i*grara 
NajO?’ 

To carry»out the actual test a slbatl quantity—S-about^ 
*2 grams is a convenient amount—of an average 
samiJle of the soda to«be tested is accujateH^weighed 

out and boiled with water in a flask untH a'’ thSttib 

• • • 

soluble is dissolved. Whe.. testing reeovered*Bodc the 
sanipl^shouj'' be reduced to pott^er, by passing^it^ 
through'a small coflee grinder, so that the portion 
weighed out ma/b? as uniform as possible; and, after 
boiling, the content^ of f'lc flask shou'd be poured-oh 
to a Alter, and the insoluble portion well washec^ thfe 
wasljings being run into the flask containing»thc filtrate. 

Xfie ftilutio* in the flask is tlien coloured wit^ a, 
■leW drops of litmus, and treated with the standasd 
Sulphuric acid solution, in the same wa^ aa whaf 
testing^he standard acid, until it is turned permajently' 
redaaftgr foiling. The numbej of c.c. required 
accomplish this is multiplied by '031; the result is then 
multiplied ^y 100 and divided by the weight of soda 
taken, in order to give the percentage of total alkali. 

Lxampk.~~f2 gram® qf recovered soda were accurately 
w^ighed,out .md di.sMi red with water, in a small glass 
ilask^ until all the solub^ portion w«s extracted. A 
few drops ot litmus were added to tl]f clqar solution, 
and then the standard acid tun in, until the blue ct^oqr 
was discharged.* 

Jhe contents of the fihsk wererfhen boiled and the 
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blue colour re^,ored, owing to the lexpulsion of tfee 
carbonic acid. The addition of a small quaritity of 
the apid nolutioti again discharged th^ blue colour, 
and (lie red tiiw was permanent after beiling for a 
few minutes. Exactly 29 c.c. of th^ acid had'ieen run 
off; accoffiingly— 

f ' 

2^ X ’031= '899 X 100 vr 89 92 = 44 '95 per cent. 

By weighing out 3‘i grams of the soda, this calcula¬ 
tion may b^^ dispensed with, 4 s the number qf c.c. 
required indicate the percentage. ' ' w 

When testing caustic soda f9r total alkali the 
weigfiing must be conducted as e.\peditiou&l3 as 
possible, ao the soda in the caustic form is highly 
deliquescent. A good plan is to placenthe pibce to be' 
weighed in a small glass beaker, the weight of whicH 
•i,v« already been accurately determined; the incrcsKsfe 
represents the weight ,of soda taken. ° 

</ It is better to select an average sample,, wl^ich swill 
be near the weight usually taken, than t6 attempt to 
weigh oilt a stated quantity, as the time ta'ken before 
the weight can bo brought <to the proper amount 
allows of a considerable absorptian, botl^ of‘moisture 
and carbonic acid, from the surrounding ,atmpspher^, 
As the caustic burns the,fingers when handled, a 
smalk pair of brpss forceps or tongs should always be 
used to lift the pieces wh^,i t^;digtiini. 

£Aram/i/c.—Weight of beakfr,^/35''grams; weight 
of beaker and caustif, 23 80 grams; weight,pf caustic, 
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l‘^5 grams. 3i-j c.c. of staneterd acid wert re^uirad 
to neutralise complctelj'. 

•0<»82* X 100 ,oa . ^ 

32'2 X -031 = ^ . s=68-84pc^cciit N«(0, 

• * 

t; The different trades of caustic soda met with in the 
• • 
mar litf are classed .iccijrding to the peroentage of actual 

soda—Na;f)—which tjjejf contain. The Jpwck g#a^e 
Ts de^gnated by the luggpstive name of "liottcms,” 
and usua'ly contains about 55 per cent, total alkali, 
ft is^ 30 *name 3 , owing to the fact that it is obtained 
from^he residue»leA at the bottom of thejflar in which 
the concentration has been conducted, and therefore 
contaics a much larger pi*)pohion of iinpurities that 
• the other grades. The impurities consis^ mainly ot 
iron,* and iinp|rt to it a brown colour. 

•' The two forms of 60 per ceflt. soda are named crea^" 
a»d white respectively, owing to tl^e chara^terisjjf^ 
efeani V)lour of the former. The white,cfustic is ob¬ 
tained by prolonging the concentration^ until ^1 the 
moisture is.driven off, and then fusing Vith nitre, in^ 
order to remove the impurities which are the.source of 
the creamy colour. Tfcis concentj^afion has the effeef 
of increasin| the percentage of soda, and*in order to 
bring it^bdtk toKhe ^•/sired strength it is treated with 
sodiem i^loride (common salt). 

The gradfes which prelent the greatest freedon^from 
impurities, togeth^dh *vwth*the highest percentage of 
total alkali, ar<»'thoje sold as 70 and 77^er jent.; but^ 
notwithstanding the higR degree of purity and conden- 
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sation*' arrived in thW grades, tbt^ usually contain 
a smdll portion'of tlicir bulk in the carbonatod stafe.^ 

'In jll probability the cost of caustic soda will, within 
a corfc'paratively tho'rt space of time, be greatly reduced, 
and with it a corresponding reducjion in the’price of' 
bleaching powrfer will doubtless' take place. This may 
br bonfidently expected, owing, to tW introduction ,of 
the slecf.'olytic manufacture of alkali. , 

It has' been estimated from the results, obtained by 
the recently,fitted-up plant, in connection witH Messrs, 
Holland and Richardson's electrolyfic soda process, 
that, worked on a large scale, i ton, of caustic soda and 
dh tpns of bleach can be‘produced at a cost Ko the 
con§umer of about ;^IS. 

Compared with per ton for blcachkig poAfder and' 
about ;^io per ton for 70 per cent, caustic, which pricek 
tare current and likeh' to remain so under the “6(6 

* ^ 0 

methcjds of manufacture, the advantage to tire con¬ 
sumer is enormous. 

Altun.—Before proceeding to determine tlie amount 
of alumina contained in a samf^e of alum, the water of 
crystallisation with which it is eombinefl must first 
be driven off. This is accomplished by placing ^ 
small quantity of< the sample ^n a porcelain basin,and 
evaporating f ove^ the water-bath uptil the weight is 
constant. 

To detcrmfse the amount,-of alunfitia. about .one 
gram of the sample ,jtreated ak described Is., dissolved 
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W4I1 hot water iV#a porcelain dish. ^ small quftntitjf 

of aniiifbnium chloride solution, together with a Slight 

excess*of ammonia, is now added, andihe whple Jpoilad 

gently until* the alumina Jias bee# pi ecipitated. ' The 

contents of the dish arc then poured on to a filter and 

well trashed with hat water, after whicH* th* precipitate 

is ^placed ;.n a platini/m crucible, which* hai tlSe*i 

preciously weighed, and l.'“ated oveafrthe Wowpipe 

flame, in order to expel the water stil' retained. After 
» ^ • 
■cooling the crucible i^ again weighed; ^the increase 

represents the ambuiTt of alumina present m*the sample. 


The presence of yfon may be detected by treating a 
small qu.",ntity of the alum tePbe tested with an excegs o? 
•pure^austic potash. The alum, or sulphate «f alumina, 
is dissoTtftd in hot water, and when brought to boiling 
ptint the caustic potash is acfded, and the ebullition 


IWp; up for a few minutes. Should in.i be prtjsent^' 
will sepVate out as a brown flotyulent precipitate, 


Antiohlor.-*-The actual amount of hyposulphite of 
soda preseflt in the commercial article is determined 
by means of the reactien with, assolution of iodine.' 
The iodine^ solution,is prepared by‘dissolving 
I §7 grqpis of pureii’dine in a small quantity of 
watef, in .which about grams of potassium iodide 
have already been dissolved. The watjr nyst behold, 
.and as soon as &u 1 he*iodine has gone into solutioq^ 
the (Jask should' be^llej to the litre nvft'k. , 

one litre contains*iooo c.c.^i c.c. of a*solution 
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fA'^pared 'in this way'is equal to ■4)^48 gram of the 
crystallised hyfiosulphite of soda, or '0158 gram of 
the anKy^Jrous ..salt, and the'refore the solufion is 
said ito be deci-nprftal. In /)rder to render the point 
where, the reaction has been completed the more# 
easily determined, a small quaptity of starch ^diution 
i^ Rsually added to the dissAltjpd Hyposulphite before 
runningf in the iodine sobition. The starch sMution 
is prepared by dissolving about i gram of powdered 

starch in about 200 c.c. of ‘water, and decanting 

' •«# 

into a small stoppered bottle. 

Jhe additioq of a small quantity of glycerine to 
rtie clear solution thus Obtained helps to, keep it 
fresii for a greater length of time; but as it can bc' 
prepared without difficulty, it is better to •■mafee a* 
fjesh supply each time'a test has to be made. 

^,To parry out, the actual testing, 2-4'8 grams oftfk^ 
crystallisetf hyposulphhe are accurately weig^fe'd ofit, 
|nd having Been djgsolved in hot water^are trans¬ 
ferred to a'litre flask, which is then filled to the 
mark. After shaking the flask well, ibo c.c. are 
Withdrawn, by A^ns of a pipette, and run into a 
small flaskj to the contents of wUich a small" quantity 
of the starch solution is then ^ded. FrpVn a burette 
already billed with the iodine solution, the.dissblved 
hypijsulphite in the flask is treated untiFthe charac¬ 
teristic blue colour, resulting iffoA ,^tiie action of the 
iodine oij th&i starch, is no Ijjngqj discharged. , 

When this pointy is reached the iodine has <je- 
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coijiposed the ,vyljo!e of the Siyposujphite, amj iS 
now prtscat in excess. Wlien ^he Tinal poiitt in 
the reaction is ncarljr reached, tte coc]j * of the 
burette shotild be closed go as to Kiifit of the iic’ine 
solution entering the flask drop by drop, otliywise 
the aAual percentage may be over-'estimated. 1 he 
number oi>r.c. of the iqtiioe required to nsutrallbo thg 
hyposulphite indicate tfie percentage amounl»of fhe 
latter present in the sample. 

Whqn testing sodiuhi sulphite, 6’3 giants of the 
anhydfous salt t^ill'require to be wtiglic^ out, after 
which the operatioij is conducted as in the case jof 
the hyposulphite. 


j Blefiistog Powder. -The amount of available chlorine 
present in bleaftiing powder i$ usually ascertained by 
queans of a dcci-normal solution of arstnious acitf^ 
Tljp aK.s.^ious acid solution is prepared bj*dis&)lvid^ 
4 ‘ 9 S grams of pure sublimed arJenious agid (freehfrom 
arsenic IblfiiHe), to which about z fgrams gecrystalliseff 
sodium carbonate (free from sodium sulphide, sulphite 
or hyposulphite) have been added,,by boiling with 
water in a flask, and.then diluting w*th wat^ to i litre. 
As I equivahtit of afsrtiious acid is equal to 4 equiva- 
leats^f dilodhic, I f.* of this solution is, according to 
the followi!i|^alcu]ation, etfual to '0035 5 gram chlorine 
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ifS 4 95. JS'5 XJ} =*142 =; 3'55 grams chlorine. 
Each, of the lOtJo c.iv coqfained in the litfl thus eauals 
■ocyS5 gram'thlorine. 
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* In ’order to ^prevent any alterati<>i^ in the solutjpn 
throitgh the action of the atmosphere, it. shtn^ld be 
pourqd ^iijto smill stoppered Bottles aifd kept 'corked 
imtil>-required, f ' , '• 

To.prepare the sample of bleaching powder for test-* 
ing, 3'55 grants are accurately weighed out, ftibbed 
ifitfi 'a thin ercam with water lh,a porcelain mortar, and 
transfenccl to a 500 c.c. rtask, which is then nlled to 
the mark. The flask is then well shaken, and 50 c.e. of 

I * « * ^ I 

the turbid solution withdrawn," and run into small 
beaker, which is then placed belov# tlfe burette, already 
filled to the zero mark with the ars^nious acid solution. 

^ The contents of the beaUer are constantly stirred by 
mekns of,a glass rod, while the arsenious ajid is‘ 

^ running in, and from time to time a<.drop 'Irom the* 
beaker is lifted out witli this rod and placed on a littH* 
4 Qf the, potassiupi iodide and starch solution, whichrinfa 
been^spread over a porcelain slab, 
j So long all any pf the hypochlorite remaiijs uade- 
composed by the arsenious acid, a blue stain, owing to 
the chlorine still present setting free the iddine in the 
'potassium iodide' fp combine rvith the starch, will be 
produced; but whenever all tl\e oxygen the hypo¬ 
chlorite has. been taken up by ^.be arsenjpiis ^cid, and 
the chlorine setr free to coi^bine with the palcitfoi as 
calcbim ch^oride, the blue stain jvill no longer, be 
(juced. The number of c.v. rtejhfrqd'to complete the^ 
reaction .rep^ssent the percei^ageapf available cRlprine ■ 
present in the sample, usually*about 35 per cent. 
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• Jhe percentage ijf available c!ilorine,present ih tbi 
blejclyjl^ liquor, or in the drainings from* the bleacfting- 
house presses‘and tanJis, can be de*ermin(»d iy the 
same way, a* each c.c. of tlje arsenidhs i cid used equals 
00355 gram of chlojine, as before stated. , 

Should it be suspected that the lime* mud contains 
chlorine, a email portioiv of it should be stiwed up W?t!» 
water to a fixed specific gravst}’, and then testecJ in *lie 
same as^the bleaching powder.. In this w.iy the 
amoui^t of chlorine retained by the mud fro/n different 
makesecan be at o^ce*determined by comparison. 

Sevefal useful Tables may* be given here:— 

3 fABLE 4 rl#<jiNC Percentage Amount or Soda (NajO) in Acuegls- 
SoEUTiONS or VAKiouo Si'ECiric Cravieies at is^C. (TunneumanJ! 
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Jadle showing rr^fCNTAcu; Asir.ijNT'oF CAUftTi* Soda Aqueous 
^ SoLuiioNb jjr V't'ous Si-ixiric Gkaviiies 15“^ 


Orax ity. 

'Vu cent. KaHO. j 

Specif] i.'^travily. 

Per NallO. 

1*059 *' 
iifS 

5 1 

10 r. 1 

1. < 

I +37 

1 r4SS 

* 

4 .S 

rijo 

■5 1 

1 1-540 -1 

50 

1-225 

• 20 j 


,'55 


=5 i 

30 j 

1 r(..n 

1 I'095*- 1 


'■ 3 S 4 

35 ! 

1 1 - 7.8 

70 



- 1 



Tadie (ra'^ed os Richters) showing Percentage Amount if 


^oDA (NajC^) is Lyes of various Decrees T*"iiTir »r^'' 


Deirrccs Twadd!#. 

Per cent NaaO. 

• 

Degrees Twaddle. 

Per ccr*. NoaO. 

f • 

4 

2‘07 

44 

20*66 

» 

4-02 

48 

‘ 22-58 

12 

• , 5 - 8 !) 

« 52 

24-47 

'6 <■ 

7-69 

,56 < 

. 26-33 

20 

9’43 

1 *60 

28-1-6 

24 . 

11*10 

, 64 f 

1 * . 29-96 

28 

^ I 2 - 8 i 

68 

31(^7 * 

32 

14-73 

t 70 

. ' 32-40 

f 36 . 

, i <'-73 

7 ? 

Wh 33-08 

, 40 

18-71 t 


34 ^ 4 I 
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Tajjle showing ^Hrtri. 


.rii OP Soit'TioNs 


SS OF EY SlECirlfc 


Gravity tyu Di.<irfes T\\ft\i)DLr: , 

Ar 17-5'C. 



« 

Spc-cific Grax It}*. 

♦ 

j Degm-s']‘w dtlle. • 

1 * Percent* 

♦K,AI,(S 

rcG65 

'■30 

, I 

• I0110 

2 20 

- 2 

roiSft 1 

1 3 ‘a*^ 

3 

102ft 

4-36 

4 

*2-0269 

StiS 

.■> 

!'032O * 

640 

4 


• 



• 

* 


To*convert dJgr^es Twaddle to specific gravity, 
multiply by 5, add. 1000, and divide by 1000. To 
convert specific gravity to degrees Twaddle, multiply 
•by ijjoo, subtract 1000, and divide by 5.. 


r Testing Water for Impurities.--To detect the presenqp 
8^'she salts whibh cause water to bf: hard, 9 litj^ 
wliite s8ip, dissolved in alcohqj, should be add|d to 
it. *11 ^ter will at tyice assume a milkjj 

appearance, •while, if it is soft, no change will be 
observed. * 

Magnesia ^lay be delected by the^white precipitate' 
formed ts^er^a small «qtiantity of carbonate of ammonia 
aijd phoaphatp of sodaeare added to a portion of the 
watef whish has been brought to the bailing point. 

Solublej^ulphates or free sulphuric^aci<b are tasted 
for by adding a*sjnall’(|uai*ity of barium chloride^ as, 
should either b^ prwen^ a precipitate of* barium suN 
phgte, insobible in nitric ficid, will |t once be formed. 
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Carbonic acid may* be detected ,bj;. the white pre- 
cipitite of carbonate o' lime formed when, lime water 
k addei /.o the rvater containin'g it. 

To detect subihirr compou;ids a little mercury should 
be pgt into a bottle containing tlm water and allowed 
to stand corked 'up for some «timc. It there ^le any 
jifth compounds present the' ipercJry willfhave t^er 
on,a dark colour, and on shaking will assume S silver- 

grey colour. . . . ■ 

The presence of iron in whter may be afecejtainec 
by pouring a" few drops of tincti/be ‘of nutgaIls,,into i 
small quantity,of the water contained in a glass vessel 
'Should iron be present K dark grey or black colon 
wifi be at pnee produced. The depth of the c^ration 
depends on the amount of iron presjjnt; tke greateJ 
fhe quantity contained Ihe more intense is the shade. > 

' , Solpble lime, impurities may be detected by the wilky 
turbidity produced on the addition of oqr' or two 
crystals of dkalic lytid to the water. 
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bizes of Cartridge Paper#. 

} * * 

Foolscap . . 14 X 1x3 Super KoyiSl . •, \s\xfl 

Demy , .lySxajJ Impm** !. . .20x26 

I Royal , . . ig X24 Elephant . , , 23 xaS 

* - • 


"i 

SLes«|{ Xjined Fajicrs. 


Pinched %r 8vo . 

. Expansion by 14I 

fXTjt fnr^vo^ . . 

„ 15,; 

Po&t for 8"0 ' , 

/ I6.i 

Large Post fon^tot . , 

• i< If 20J 

l.aid Large Post for 4to , 

. .. » It: 


Various Calculations relating to Weight of Jleains'«nd 
Webs. 

I. Given sample of paper, to find weight of web too yaij^s 
«by .^0 inches wide, made to same substance. First find 

Ei]uarc*inchcs in sample, weigh it, and from TC«iIt Sbtailfed 
calculate weight of square inches insweb. 

&am0e^-ii}2" x 2" = 8-44" in sample^liicli weighs 25 2 graiip. 
Square inches fn web = 216,000. 

2 i 6,^ j ^2^ 644,918^ 

8-44 ,7000 

II. From ^simple of^aper given find variation in weight of 
Tgiem of qp" x 480 sh' ets of which ought to weigh 30 lbs. 

Prfceed as in the pievi.ius example, fitting the final result 
from the square inches in rE%m. 

ix««»//f.—l77'2 .pq-troj.inches in sample, which* weighs* 3575 
grains, square inches iif rtatlj of ?o'' x 30", 480 sheets, 288,oodf 

a8^xj_3|;5*. 3jo?6^= 3 ,. 5 , 53 . „ 

TIT*® •Tnnft 
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III. ' 5 o fimj weight of rAm 20 K30 , ^!eis, equivaicijt 
in substance to 5i]»inch webf two yards of which wcigh.i lb. 

* % * 

j yards x 3^" x S4'':«3SS8 square inches : 20" x 30*' x 4S0 = 288,000 
• ssfiiarc inches in ream ; 

therefore = 74-07 tbs. |>er ream of 20" x 30", 480 sheets 

3880 

IV. To find nymber of reams, of tf given size, iniveb of any 
gifeTi numbe»»of yards, multiply tfee yards (ins inches) by ^ 
number oj, sheets in breadth ,pf vfeb ; divide result 'by the, 
draw; thqp divide number of sheets thus obftined by jhe 
fusiber of sheets in the ream. 

r^*H web 1900 yards 60 inches Ijroad, to find ftHniber 
of reams of 155" x 20", 4S0 slieets. 

i_- 13,2^8 -h^dSo = zAms- tt qrs. 7 sheets. 


Satt for ascertaining the (Number of GaSons of' Caustic 
liquor required to give the Number of Pounds of Na^O, 
tt-cesaary ^or a# Boiling. 

To fild the faqtor, multiply the number of gallons per inch 
oGtank by -0518 for 6o<per cent., -0444 for 70 pei^yeait., Ind 
>•04036 for 77 per cent, caustic. • 

To find the number of inches necessary to give*the desired 
^ount of soda, racltiply the number of c.c. of standard 
acid required to neutrjlise to c.c. of th<^ soda solution by the 
factor, and divide the pounds of sod%rdquired bj^thc* result. 
Examflt. —Capacity of tank = 100 gall^j per inch. 

Amount of soda required = Soo lbs., 70 per cent, caustic (Na,l 3 ). 

too X '0444 = 4-44 = factor. 

Nunjjier ol c.c. standard acid rei{!tice| lo^eutralise to czu.soda 
Elution = I2'5. , 

I2'5 x4-4|= 55'f: Soo-K55'5 = I4’4i= ^fiiBber of inches neceftaiy 
to give 800 lbs. 70 pe cent,| caustic. 
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Table showjng the Strength of Bleaqjiliig Powder SSlntions, 
based on Lnnge and Bachofeu’s Sp. Gr. Table. 


■■rees Twaddle 
at 15® 0 

'.4 

— .- 1 

Avi. labieChl i»u 
ingiams pr> 

• 1 

Degrees Twaddlt 
at is”* C * 

Available CUorinc 
hi gi &<rU per li#e. 




4 

23-10 • 

71-79 

1200 

35-81 

Vjsp . 

» 7 i- 5 <' 

11*00 

52-68 

1210 

6840 

10 00 , • 

it 2960 

^2-00 

(1^00 

900 

26-62 

2t'20 

^5-33 

8-00 

*3-75 

2100 

64-50 

7-00 

2044 

20*00 

61-50 

6 CO 

' 7 -i> 


58 40 

500 

14-47 

18*5 

» 55-18 

4*00 

Ii-41 

17*00 

52-27 

* 3 'Of 

8-48 

1600 

4 <)-g 6 

200 * 

5-58 

<*5*00 

■ 5 ;o 

1-00 ' 

• 271 

I 4 ' 5 o 


. 0-50 ^ 

WO 

ijiPS . 

39-10 

^-00 

traci 


Com^osition of solution upon which*lhe above table wjs 
originall;^ foutidcrt :-v 


Availdulc chlorine 

• • * 

Ch^oritie as chloridr . 

ft 

Chlwjije as chlorate , 

Lime 


72*17 gmms per litre. 
^ 74 f n II 

013 » H 

6553* •. 
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■V^eights and Measures of tte Metric Sy^em^ 

Weights. 

1 Alillig];atn = ooi gruin. 

■ * Centigram = 'Oi* “ „ 

Ij)icigrain „ 

I Gram ^ ~ weight of a cubic^cnlimctre of water at 4®C 
I Decagraif. = loooo grams. 

*1^ Hectogram looooo „ 

1 Kilogram S ^iCoooco „ 

Measubtss <JF w/vrAC^ii K, 

Mill^iitre = l cubic centimetre, or the measure of l gram of water 
Centilitre ••■= lo cubic centimetres. * 

Decilitre = lOo „ ,/ 

Citre = loob „ „ 

r ^ • 

t Measures of Length, 

l^ilHmetrc s= ^k>i metre. 

< 

I Centimcti;p = 'Ol ,, 

I Decimetre = -i 

I Metre =|. the ten millionth part quarter ol «^he earth’s 
meridian. 

I gram = ? 5 * 4323 S grains; 31*103496grams = l oz. troy. 

♦ t 

‘453593 kilogram = i lb. avoir; 50*862377 kilograms »: i cwt. 

1 cub* inch =*,6*38(176 cubic cent; = 28*315312 cubic 

t ^ \ « * 

'* decimetres;^! g-allon = 4*543458litres, 

I inch = 2^39954 centimetres; I foofe*J «579449 decimetres 
I yard = 0 ' 9 I 43 S 35 meW, i mile = 1-6093149 kilometn^ 



itppiknix, 215 

* 


Frenii (Ad English Thtrmome|er‘Sgaies., 



Falireiihcit. 

» * 

Cenli'rt'ddc. 

Fotircnhelt. • 

(haltr.) 

(C.) 

• (Fahr.) 

0 degrees equal 

^2 degrees. 

55 dcgrfts equf.1‘^31 jjcgvcd. 

5 M • 

41 

DO • „ , 

.. I4O ■ n 

10 „ „ 

50 .. 

65 

149 » 

15 .. 

J 9 

70 

•1 158* 

20 „ . 

ts •„ 

75 .. 

167 .. 

,25 „ „ „ 

• ’■ 

80 

• • 176 .f 


86 •„ 

85 

.. ,, 

35 .. • .. 

95 .. 

90 

M m M 

. « 

45 , V 

104 

95 

203 

fj 2i2\vaterBoi1s. 

i >3 

too „ 

50 .. 

a 




To convert degrees Fahrenheit into degrees Centigrade, subtsaQ^^,^ 

multiply by 5, divide by 9. 

• 


To convert degrees Centigrade into degrees Fahrenheit,tjiuUifly 


by 5, and add 32. 

To ccAvert deffecs Reaumur into degrees Centigrade, multip'y b\ 5 
and divide by 4. * 

To convert degrees Reaumur into degrees Faifrenlieit, multiply ov 9, 
divide by 4, and add 32, 

To coileert degrees Centigrade intosJcgrecs Reaumur, mijltiply by4 

aSd di4p4? b^ 5. 

To convert degrees Fahrenheit into flegrecs jstaumur, suorraci 3:^ 
multiply by 4, and divide by 9, 


usetiu uata. 

To find "the cubica]„ contents in gallons of any square or 
reatangular*ves3el, rnuitiply the length, depth, and breadth 
in feet together, and the ftsult by 6-2355* Should the measure¬ 
ments BBlaken^in ijehe^s, the result wil^ rcqgire to 1ft multi 
plihd by •00360;' irfplav'? oft'2355. 

To find <hc DumncT ti gauons contained in a cylindrical* 
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il(\ 

vgssel, first square the diameter, then *rhij^ply by 3'l4i6; 
divide,result*by 4,^iiid iniiltjply by depth ; after tthich,proceed 
as in the case of a square vessel— t,c., multiply by O’aji.'s i?in 
fdet, os by ,'003607 Jl'in inches. 


To reduce inches to metres, multiifly by 

•02540. 

f, centimetres to inclics, oy 

■ 

„ inf^cs to centimetres 

. 2 * 54 »- 

»» 1 kilograms to pounds .. ,* „ 

. 2-2046. 

„ « gallons to litres „ ,, 

■ 4 '' 548 - 

„ hVes to gallons „« „ 

. • 'li. 

ft itf ntiraetn ^ 


„ giains to grains „ „ 

■ >5 432 ' 

„ giains *0 grams „ 

. *0648. 

„ ounces to grams „ ,, 

■ 2 S- 34 (). 


10 convert kilograms per square centimetre into pounds per' 
Square inch, multiply by I4’f;247. 

lo CQTVcrt poqnds- per -square inch into kilogranjs per 
square centimetr., multipjy by ‘0703. 

(I’rom Bjjyley’s " Chemist’s Pockct-]?qok.’*) 

1 pint equals ras lbs., or 8750'o grains of water* 

I gallon of distilled water equals 10 lbs., end measures 
277’274 cubief inches. 

1 lb. Avoir, equals 7000 grains; i lb. Troy equals ^5760 
grains; i 02. Troy equals 4to gmins. 
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A CLHUacld»2i • 
isolate of lime, 22 
A'-id, arscnious, dcci-nonnal solu¬ 
tion of, 203 ^ 

— carb(,^ic, 13 
— colours, 76 

^ free, in sulphates of alumina, 

— hj^drocAoric, 13-^7 
• - hypochloious, 21 
— nitric, 169 

0".bi-sulphite processes, 31 
—^xaUc, 208 
— sulphuif.^ 21, 27 
’ — sulpliurous, 32, 34 
ActiSn o#«tmosphcrc on cellu¬ 
lose, 2; on mechanical wood 
in paper, 42 

— of bleach on cellulose, 2; on 
jute,^4, 36 

• •<- of caustic so||a on vcgetAle 
fibres, «o ■* 

— of cupric berate 011 cc flulbse, 
2 

AVipo^ll^osc, $ 

^African espa^^o, MulIer^s analysis 
of, 44 

Agalite, 71 ^ 

Agitators, 9^ 

Air blast, 49 
Albumen, ammonium, 

Alcohol, dilute,^ 165 
All|»]i procesj^s, 31,33 


Alkali testing oafijvic, 195 
Alkaline soap, 148 
Alum, 85 

— crystal, cst'mation of alui....... 

i in, 200 

— in sizing, 85, 138 t 
Alumina, sulphalw of, % 

— use cf, in bleaching, 2r, 27 

— in paper, testing for, 174 

AAmonia, vanadate of, 32 * 

— soda, 16 , 

Ammonium nlbumen, 90^ 

Angle cutler, 152 g 
Angles, cutting. 159 
Aniline colours 75 

— sujahate 0^ 169 

Animal size, pr^j^aralion of, 137 

— testing paper for, 173 

— sizing, 138 
AntichlornCH 
Apron, A)0, 102 
Apron-board, 1281 
Arsenious acid, 203 
Ash-soda, boiling with, 15 

in engine size making, 81 
Atmospher^l action of, on cellu 
lose, 2; on mechanical woou 
in pape^ 42 . 


'D ACK'L ASi^f va^pum pump, 

D 113 

Backwjfitcr, 106 
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I>ari«m^cliloridc,.69 

— sulpiiatc, o9> 

Bark Ilqiion 75 
Ba!»ic colours, 76 
Hast fil>rcs,*5 *' ^ 

Bcalc^, construction^fC }9 

— choice of, 62 

— Forbes’s patent. 50 

— Marshall's patcut, 56 
*— Hibbert, 61 

— 4 iollanUer, 6l 
plates, 55, 

— tolls, y, 60 
Beaters, iijtcrmccliato, 55 
Beating, effect of, on siting, 84 

— free or fa&\stuff, 52 

— heavy 111 

— light engines, 112 

— long stuff, 52, 53 
••*,»hort stuff, 53 . 

-r Spanish cspaito, 57 

— stuff for bank and loan papers, 

^2; for chion.o and plate 
jiapers, for blotting* 

papers, 59 
. — v.vood, 58 
lYech, 43 
Bells, 134 

Bifarboftalc of sodMim ,'^.87 
Bichromate oi polaMi, 75 
birch,«J3 ' 

Bisulphite of limtT, 33 
^ of magnesiun* 33 
Bisulphite process, Cross's, 32; 
Ekmaij’s, 34; Mitschcrlich’s, 
35; Partin^oii’s ,^35 
♦Bleach, effect of, on cellulose, 2 

— mixer, 24 

Bleaching, electrolytic, 25 ; Hoi* 
mite's piopcss, 26 

— esparto, 49 

— gas, 15 

— house, 27 

— *4 . . 

liquor, preparatitn of, 24 

--r Ld.igc's method, 21 

— ozone, 25 • ^ 

— powdci? preparation of, 19, 20 

— rags, 12, 19 

— rationale of, 20, 25 


Blcacbinf 50, 5I 

— use of acetic acid ni^ 21; afiinl 

in, 21, 27 ; ste^m in, j6;,sub 
ff phtiric acid in, 21, ^ 

— \voo<l, 39 

Blitz’s sulphide ^vood>pulp pro* 

• cess, 32 

Blotting papers, 59 

Blowinl, 120 

lil^vvoff cock, 34, 3j), 47 

Blue, adtniing wi^h, 73 

— I’an.s, 75 , 

— smalts, 74 

— standard sample of, 72 
Blue-wove, making, i02,/jb 
Botiers, rcvofving, Sr 

-- stationery, 14 
Boiiin?!, ra\ionale of, 10 
-- esparto, 46 

— jute^.l3 

— rags, 10 

— straw, 50, 51 

— with lime, 12, 13 

Book papere, sizes ol,^iot 
Boxes, suction, 108 C' 

Breaking iu^ia’f stuff, 19 

— at prcss-ioll, 105, 113 

— at calc-'ders, I2b 
Breast-box, 99 

-roll, 107 

Broke, 53, 54 

Brown's patent dand^V^oll, n8 
Burnishing, 150^ 


e AlXINED soda, tSo 

Calcium,S:hlcride of, 20 
— fhlbratc of, 21 
— hypochloratc oV, 20 
— ^u^hate, 691 * 

Calender, plate-glazmg, 
super, 146 , 

Calenders, mach4iiM;,26 
Carafiat'biilsr.m, 166 
Ca^oea^of lime, 13 
— of^agnetium, 3f; sijdiu..., 

* w 

Otbonic acid, ij! 88, 185 
Carnation, 72, 74, K • 
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Cafrying-rollR, 129^ 
Cartridge-papers, size.. >.■1, ^i«.» 
(^aaein^ sizin/t, 90 
Caustic'foda, 10, 4<{, 45 

— estimation of allcali in, 197 

— data for strength of leys, 212 

— tiblc showing strength ut 
•• leys, 206 

•Cauatici-Mig recovered •(*», 184 
-test, 185* » 

Cellulose, act';?n of atni''f.phcrc 
• \i bJeach on, 2 ; solvci},ts 


cn, 2 

— composition ''and chemical 

loi^nula, I - ^ 
of cottoft^ 5; cspailo, 6, 4 f*; 
flai; 5 ; hemp, jute, 5 ; 
Majfilla hemp, 5, b; sttaw, 5, 
7, 50; wood (chemical), 5,6, 
31; wood (mcchanicjil), 5, () 
Celluloses, compound, 3 
Chapman and Fawcett evaporator, 
• 

Chenwcal %pd physical character¬ 
istics t)f various fibres, 5, 

6,7 ^ ^ 

Chemical wood-pulp, 5, 0 , 31 
Chemicals, testing, 19,, 

Ch]pa <ilay, 68, 69, 172; action 
in glf'^ng, 68; action in 
sizing, 09; preparation for 
the #i)ginc, 68; properties, 
68; retention of, 70; selec¬ 
tion of, 68 # 

Chloric acid, #7 J 

Chloride •f ammonium, 17/V^al- 
cium, 20; Ijjpe, 20; magne¬ 
sium, 26; silver, 175; sodium, 

*99 # / • 

Chlorides, testing paper for, T 75 
CWorincrAclint»withjutc*l6, 36 
•— estfmatioij of, in bleaching 
powder, 293 • 

— gas, bl<mlrfl% with, 15, 20 

Chloriis acid, 27 t 

Circular knives, 15T 160 
Cockling, 124,143* , 

Colouring, 72 

Cogimercial ^<fa, grades ol, 1^9 

— examina^Q of. IQ 7 . 


Composition of woods, 4 
Cooling-roll, 

Coi^ tissue, 4 y 

Colton calender rolls, 148 

— colour^t^ rags, 6 • « 

— fibre^ 3 ii nhysical chancier- 

istics of, , 

Couch-roll jacket, 135, 13^ 

— under, I ig ^ 

Cracks, 127 ^ 

Cross-cutting knjygs, 15^, ^6^ ^ 
Cupric ammonia, action on ccMi* 

lose, 2 $ 

Cutter, English, 160 

— revolvine angle and sqirjo, 

*52 ‘ V / 

CuUing, 152 - 

— -- hu nished papers, 1 ^6 

— cartridge papers, i6v 

— i.iachinc, r>g, 9 

— jpssuc pnpcia, 13 
Cylinders, damping, 147 

— cliyug, 99 < 

Cuticular tissue of cotton, 4; 
esparto, 4, 168; straw. 4, 
168 ‘ * 


D AHI.’S Si ’ohafe process, 32, 
‘ 33» 36 ^ * 

Dampi^ rolls, 147 . 

Dand^oll, Bra»vn's patent, iTS 
— rolls, I'S ; named, 115 
Data, useful, 215, 216 
Deckle loi 
Deckles^tfiolloway’s patent, 100 • 
— old style of, lOQ 
Determination or alumina in 
alum, 200; available chlorine 
in bleaching powder, 203; 
percentage of mineial sub¬ 
stances in paper, 172, 176} 
total alkali in sodas, i|i7 
Draws, chai%ing,*i25 
— double and single, 159 
J 5 oublc-crovvn^»i 0 
— demy, 210 ‘ 

— elephant, 210 
— foc^cap, 210 
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"^outile-crown i\ost, 2C9 
~ pott*, 209 * 

)ricr,*i4? 

)rum, wAbing, iS, 39 
^ryine I0IY145 * 

^Listi^ esparto, 45 * 

- rag!’! 9 * 

)yein^ to bhadc, 7S 


P GF..BUNNER, 54 , 

Kki^an’s wood-pulp pro- 
cess, 34 

El.isticity of Kbres. M, 58 
Electrolytic blc^i-oing, 25; Her* 
mite's pKiCcis, 26; ozone 
method, 25 

•'{t-'.uanufacturc 0/ alkuli, 200; 
^ blearhing powder, 200 - 
Lngme, beating, 59 
*— I’trbes’s patent beater, 59 
— MaishalPs {)errcctmg, 56 
— size, 80; preparation of, Si; 
4 recipe for neutral resin sc^p, 
recipe for white, 83 
r- washing and breaking, 17, 18 
k^,art0f|,available cetf ulose in, 


44 


— bleaching, 49 ^ 

— detection ol, it. paper, 168 

dusting, 45 4 ^ 

— isolation of cellulose in, 44 

— Muller’s analysis of, 41 

— physical characteristics of, 5 
f— rationale of boilin^'^5 

— steepers, 48 

— summer, 

— washing, 48, 49 

— winter, 45 

Estimatioif of alumina in alum, 
200; antichlor, 201; chlorine 
^ bleaching powder, 203; 
mineral sufiistan^es in paper, 
if6; sodas, 197 
iXvaporator, Por^n’s, 188 

— Yaryante, 190 • 

Examination, microscopical, of 

paper, 163 


F ADIjso ijj^igtncsana cnesta, 
74 

Fast driving, 128 
F«st stuff, 52 
Fecding-rollsJ 154, 160 
Felt, dry, 122 
• — wet, 122 
Felling, 7, II, 12, 53 
Fciric 4 xid'^ causticisin;^ process, 

‘ 187 , 

Fibres, ojtton, recognition of, by 
‘•micioscopr, it6 
—t elasticity of, 53 
— esparto, ibSf 
— fl.ix or linen, 167 
-themp, 16^ * 

— jute, 167 
— Mjsiillrf; 167 

— physical characteristics of 
various, 5, 6, 7 
— slraV, 168 

— wood, chemical, 167,•mechani¬ 
cal, 16S 

Fibro-vascular bundlcg, 5 • 
Filaments, 5 
Finiahing, 

First pump-box, 113 
— press-r^lh, 123 
Flax, cellulose of, 4, 5, 6 
— tailing, 13 
Foolscap, 210 
Forbes’s patent beater. 59 
ITourdrinier maofiine,*93 
resin, 80 ♦ 

Flinch and English thermometer 
~'calcs, 215 

weights and measures, 214 
Frictiosi, glazdl paper cutting, 

— glazing, 150 
Frofti<dcillera, 

Furnace, incinerating, 178- 
«%- Warren rotary, 5 93 


> with chlorine^ 

VJJ ^1S» 201 

Cliut^ (•taporator, 191 
Gk^ss covers, 164^ 

— slides, 
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Glrjing friction,'1 

— plate, KO 
Glyoprine, Tf4'* 

Grass, 44 

— knotA, 98 * 

Greens, rolnuriiip;, 75 
Ground wood, 41 
''♦uidc-roll, 130, 133 
Giiidinisi-.'»)>cs, 144 

breaking 'in, 

Hard-boiled grasf'/ 47 

— waVk%iii sizing, 87 

Himp fibrcJ^jphj*k’cSI clmraclia'- 
i&ti-s*of, ^ 

— Manilla, 6, 59 t 

Hermite'^ Weacliing process, 26 
liibbert beater, 61 

High pressures, dTectof.in boiling, 
46; ill boiling wood, 33 
Tjollandcr beater, Ol 
Hollo'^ay’^cchlcs, 100 
lYydrate oi^da, 10, 44, 45 
Hydrochloric acid, >^*27 
Hydrometer, Twaddle’s, 207 
Hypochlorite of calciuir 20 
Hypoc.ilorous acid, 20 
HyjftsulfhiU of soda, 28 

MPERlSC, 211 
Incinerating^iimacc, 178 
Iodide of potasaium, 30 
~ and ttajj^h test, 30 
.Iodine, dcci-normai srilutioii, 2^1 
rcnclion with^clUilose„ 2, 3, 
163 • . 

Iron, free, test in alum cafe, 
• 201 • 1 

^ use in colouring, 75 
Irregular wei^^ 93 
Isolation of^llitiise, 3 

J UTE fibres, blcadlnng, li, 2S 
— boiling, 13 • • 

— physical characteristics, 4, 6# 
— Inaction wtjfh chlorine, 16, 36 


K '* /jDLIN, 68 . 

— pr^ralibn feJr in- 
I ^ Engine, 6^ } • 

— piopcrlus of, V .3 ^ 

Killing blach'tlireads, ^3 ^ 

Kmfc, cros^-t'utiing, 153, lOl 
— doctor, It^ ^ 

Knives, ciicnlar, 153, 160,' 
Knots, grass 46, 57 
— btraiiier, 98 
I Knoltcr, 129 • 

KoUergang " brokf,* 53, 54 
^ Kiaft brown papers, 37^ 

« 

L aid paper, j 13 ' 

— dandv-rl*^ iKiBrown s 
patent, 118 * ' 

Lead, nitrate of, 75 

I,f \s. table sbawing slrcnclh 

• 

ingnrn, 3 

Ugno-cellulosc, 4,^1, 50 
lame, boiling with; 12, 13 
bisulphite o^, 35 
-• c^arbonate of, 13 
• - h) pochlorite of, 20 
hyposulphith of, 201 
— milk ofiiifti5 
— mud, 25 

rcihoval of, liom bides, 137 
— salts from bleaching solution. 
24^7 . 

— solutions of, for boiling with, 

— sulphates of, 87 
Lime treeyf3 

Linen fibres, characteristics of, 6 ; 
recognition of, I4 microscope, 
167 

— rag papers, sizing and drying 
of, 142 ^ 

Liquor, bleacning, preparation of, 
24; uniformity of, 23 
— spent, recf^erygof scSe ffnm. 

» 178 

Litmua solution, 195 
I^ixiviation, 181* * 

— methods of conducting, 182, 
i8» 
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I^ixiviation t^nk^ l8i 
Loading} 67 • ' 

— aga'ftltws, 7* ^ 

— bariun\’hl<inde as, 7* 

*- barium ^ulpbatc sf . 69, 172 

— China cfay as, 

— ch^)mo and platt’ paprrs. 69 

— mc-chanical wcxid as, 42 

— prinfinj; papers, C; 

•I-ung measure, French, 214 

— « tulT, 53 ' 

wires, 105* * 

Lut^c’b b|paching process, 2I 


M 


ACIllNE, prtilrifugal, 16 
—. c?lfndcrs, effect on 
sizing of, 89 
^higlish cutting, tCo 
Vourdrhiicr, managemenj^ of, 

p^ssc-pate, ^9, 46, 5* 

- rag cutting,9 

- revolving cutting, 152 

- K»nowing and dusting, 8, 


M|ichinc wire, putting on 
starting, 129 * 




34 


i^Is^^nesisy Carbonate of |^37 

— sulphate of, 87 / 

Magnc|iuin, bksi.<phitc of, /j, 

— chloride of, 26* * 

Ml.'king bank pap-^rs, 54, Jt 

— cartridge papers, 97, 134 

— chrotno papers, 55 

— loan pajicrs, 54 
plate papers, 5 

> web papers, 126 

— yellow wo 4 ; papers, 102 

Manganese, peroxide of, 16 

Manilla, physical chaiacteristics 

of. 5 t 

— recognition of, by microscope, 

Mars^U’s perfactingfcnginc, 56 
M^haiiical wood-pulp, 41; action 
of atmosphere on, 42; load-^ 
ing wifh, 42; f/reparation of, 
41 ; recognition of, in paper, 
IO9 


f 

Method, of bleaching, 

26 , , 

— I.unge's, of blcae.nng, 2i , 

Metric system of weif.its and 
mcasuresf 214 

Microscope, recognition of cotton 
fibres, by means of, 166; 
china clay, by means of, 172#' 
esfkirto fibres, by r^ans of,“ 
ibis; llax fibres^by moans of, 
167 ;vhcnip fibres, by means 
•of, 167; jute iforchJ>y peana 
of, 167; Manilla fibres Jim 
means of, 167; pearl liarden- 
ing, by' means of, I72»^tra\v 
fibres, Vy fneaf? of, 
terra-alba, by Ricans wf, 172; 
x'lWod * fibres, by means 6f, 
167, 108 * 

— suitable objectives for, 164 
MicrosApical examination of 
fibres, 163 *■ 

Mid-fcatber, 18 
Milk of lime, 33 
Milk sizing, 00 » 

Mitschcrlicl^ “slow’* process, 35 
Multiple effects, 188 


N ascent oxyB,<, 20 

Nitrate of lead^ Jj; ♦ 
Ifiitric acid, 1^ 
lk*ro-sulphuTic atrid, 169 

N»3-cellulobe, 3, 14, 22,35,44, .6 


O IL of vitriol. 12? 

— sperm, t>(8 
Oveftituling, 1^ * 

Oxidisation, prevention off33 
Oxy-cclliilosc, 2, 2 ^* 

Ozone blcachingBiJs ,, 




IG, on pulleys, 124 
'■Pan, evapoftiting, 179 
Paper, bank, 52 ' 
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Paper, dotting? 59 ^ 

— blue, making, 

— brokd!^^,‘54 

-■ ch.(''to.-.lulVfor, 53, 55 

— culling tissue. 1^7 

— eflect of straw filrics in, 51 

— glazintj coloiiVrcl, 150; straw 

149; wouci, 249 
. — greci\rolo'ring of, 77 ' 

— macluiK', 7 onrdriiu» r, ^3 ^ 

— plate, stutf tV‘r, 55 

-- printing, gU'ztng of, 146 .» 

— sizes 209, 310 

— Soft-sized, 58, 110 

— tei*iiig, for animal siz*', 173, 

174; • ch)oiid'>, 

mi^ine si/c, 176; 
mineral ^ubstance^, 17^ 

— tonci\ 75 

-tub-sizing, 139, 140, 141 
Paris blue, 75 

PartingU ,’>• wood-pulp process, 

Pcarldiardening, 69, 172, 177 
Pcctic ad^S^ 

Pecto-cellurosc, 3, 

l\rfccting engine, Marshall s, 56, 

^ m , 

Pcrox*lle of manganese, 16 
Ph)ftical*charactcristics of cellu¬ 
lose, of various tibies, 

Picking c^rto, ^5 

— couch-roll jauket, 136 

— wet rags, ij 
Pine, 43 

Plant strucliircs, 3 
'plate glazing, I5(# 

Poplar, 43 • 

— pulp, 40 ^ 
Pmion’s<*vv^MtQr, 188 

^ ioa^"r, 178 * 

Potash caustft^ 201 
Potassium iodid^3, 30 
Potcher, 3^ , , 

Preliminary treatmimt 

32; oapaito, 45^*6 • 

Prepaittion of animal siy%^ 437 # 
bleaching liquor, 24; blfa^i- 
*iag powikr, iq: breach 


test, 203; /austicising*tc?'i,. 
185; no^a! :ilphi Vic aci.l, 

, r ^ 

Pre se-piii'*, 39, ^6, 51’ 
Press-roUsPbreaking'pt, 105, ii^ 

— first, I33* 

— - sccon?!, Aj ® 

Pressure in boiling, 33; glazing, 

149; canoralion, 188 
Pjlnlirig paper, glazing of, 148 '* 
Pmeess, Blitz's, ^2 a 

— acid, bisul^litW, for no^ii* 

33 . 

alkali, for wood, 31733 

— cliemiciil, for wood, 33, 33 

— Cross's. 3. » 

I'alil’s. 32, L,36 

— Kknan's, 34 - 

He» mite’s, 26 

-- l.unge's, 21, 

-- I n-clianieal, V>r wooil, 41, 42. 

^JrJlschcr)1ch’s, 35 
- Partington’s, 35; 

— sulphate, for wood, 32, 3- 

36 

— sulphide, for wood, 32 

— knlpliilc, 33, 34, 35 ' 

— Watt and Burgess’s, 33 
Pulp, wokj, 3j -'j 

— straw, 50, 

— siiiphate, 32,' 33, 36 

— !-"l|)hite, 33,-3,, 35 
Pumps,.Muir, 95.^ 

— vacuum, 108 


R ag cutting machine, 9 
Rags, bcatinj^, 54 
— bleaching, 19 
— boiling, 10 
— breaking, j 8 
— grading and dusting, 8 
Raised seam, 127, 134 , 

I Recognition |pf fjbres by t 
microscope, 163, 1C9 ■* 
Recovery of soda* 178 
Reeling at the llizcr, 

Rcsinate of alumina, 80, 83 
Resin, tirec. theory, 80 
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INDEX* 


^sin sizr, preivnlon ofjfJil ; 
recipes it/, i>j ^ 

- soart (V* ^ 

spots, 84 

4 * 

it'volviiVg boiler-, 

-cutfci, 152 '■ 

- slraiiH'r, 96 

xolt, bcSlcr, 55, 60 - 

- breaker, 19 

-Iwca&f, 107 * 

A carrying, \i^ 

• cpncli, n6 
stt nt, 1^.3 

\olis, calender, 148 , 

-Votton cov<Ved, ^.3 

- dry-idt, 121 

■ harti, on of web, ico, 

lOI 

fJUt-lHt, 130 
KppC's, 6 
Royal. 209, 2iO 
l<usl spots, 60 


nAND TRAP, , 

^ Save-all, 108 ’ 

Scaitdinavi&i mills, produce of, 

^^7 ' * ,! 

Scotch j\'Ood-pulp’process, 39 
Scott multiple cirdt, 192 
SAteens, 42 , ' 

Second prtss-felt, 123 

— press-rolj, 123 

Setting circular knives, 153, 160 
Ij^cttHng of stuff on maef'^ae wire, 
S 3 

Shake, 58, loyf: 

Sheave, 149 

Size, animal, preparation of, 137 

— engine, 68 

Sizes of bbok papers,^ 210; cart- 
];^ge papers, 211; printltg 
papers, 2l(^: writing paper^, 

/ ^209 

iSizing, animal, o^-tub, 139 

— caseinel 90 * 

— engine, ^ 

Smalts, 74 


Smootnii^-ro||ia< 125 
Soap, in sizing, 138 

— resin, 80, 83 <’ * * 

Sov’a, ahiminate of, 187 

• - ash, 59 * 

- calcnictl, 180 j 
4 - carbonate of, 207 
I — caustic, testing, 197 

— hydrWc of, 36 ^ 

j — kyposulphitc of, y;sting, 20I 
I • procesft 40 
I — rA-'overy of, 1 
'hiJicaU* of, 187 
sulphate of, 3^; tesiit.^, ...wj 
j sulphide of, 36 

— table .shotfiri^ atQ>fnnt of, is. 

I solutions of vai ^.lus densities, 

I 201$, 

j Sodium chloride, 199 
; — rcsinate, 86 
' Soft-sired papers, no 
Solvents, action on cclUf.osc, 2 
Sorting esparto, 4O 
~ rags, 10 

Spangling or gUstcniiiS, 143 
Spanish esfygto, atial^-sis of, 44 
Spent liquors, recovery of, 178 ' 
Standard ^microscopical speci** 
mens, 170; shade of^ohis, 
73; carnation, 73 ' * 

— sulphuric acid, p^paration of, 

19s 

Sfirch, 71 

-A^etection of, ur paper, 175 

—Vaslc, 202 t 

Stdk' use of, in bleaching, 20^ 

, 5 ^ 

Strainer, 96 

— platts, 97 

— revolving, 96 ^4 
Straifnuig china ylay, 68 

— pulp, 95, 97 
-e starch, 72 

— terra-alba (b|kii^n^ sulphate), 

t.%' f ‘ < 

t — ujir^mupry*, 73 
Strliw, bleachiC.g, 51 
-Cboi'fht, 50 

— f^hysical charaoteristics of, J 
Structures, plant, ; 
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» last. 52, 55^ 

- <Vqr #54 S 3 . 

- •vr- 5.V5S 

- sno*-t, 53 ^ 

- soft, 55, 104 ^ 

hvilphatc ol jUiuuinr', aniline, 
169 ; lime, 87; inapm sia,*7 > 
WfJa, 36 

- . wntK'-pulp, 168, nikice^, 36 
Snl|)bidc«»l'socla, '86 
hmlpliit*. oli^udu, 29* 

rocesscs. 32 
»•- pulp, 167 

Siijjphur impu^tics in water, 208; 

t'oaL l8c^ 9 ^ 

•siilnluiri^aeKl, 

Sulpliuro# acid, 3f, 33^ g'"., 33, 
Stip<'r-calendcr, 14S 


engine size,«976; metliaiitca#^ 
* woo A. R)<M mipcral 
stanLl ^]79 

losl tip recovered «jda. 197 

- - sni|-|^.’tc ot s-'db, 203 

— iiUii^ririne, « 

-- wiite. ijfor impurities, 207; 
liaraucss. 207 

I hennometcr scales, ^*1011011 anci 
Li.gfiah, 215 
I hrcad, 4 » ^ 

■J oned paper, 

Jicatmcnt ol esparto, j.. 

14; rags, 8, iJk str;.\v, 50; 
wood (clicnii 31, wood 
friTl't^'-'nicat,), 41 
Tub .i/nig,^^ 

'rurpc'iiiiiKa• 

'1 ‘vaddifs bydrometcr,conversion 
of degrees inin ^iKcitie 

giavli**, 207 


T ABI.K of Fn iicli and Knglish [ 
flCllMnometer scales, 215 j 
• sliovting amo^it of caustic ! 
soda in leys <9 \arions den¬ 
sities, 206; amount of soda 
in lc\s ol virions densities, 
»o6, 207 ; cnni|>osition of cs- 
par*4L. 44 i composition of 
s'traw^ 1; ei|mva!ent weights 
n«ksiZ(s^ol priming pa|m*s, 
2TO; eipiK'alent w<nglit»nd 
sues ot ^iiiing-pai>cr^<:^; 
l>creintagc of nlnniWfsoin* 
lidhs of vanopi^^pccHic 
gravities,^207 ; stren^h of 
bleaijhing-p« wtie Solutions, 

213 ^ 

— sand^ou 

raises of’i.ttHc system, 214 
Terni-allx'^barium sulphate), 69 
Testing alufi. 200 * 

- - ■anti^lor,%)i * 

Testing blcarhinff ptWMc’,^0^ 

— cagstie so<la^%07* • \ 

— diyposulphite of so(j% 201 ^ 

— paper lor ulum 174! affmal 
•sue, y5» chlorides,* 175; 


L jLTKAMARlNE, acid-re- 

) sisting power of, 73 
• colouring powt r of, 73* 

- ta<lmg yi engines and qiicsts, 

— sti^ai d shi^ie"o ', 72 a? 
Ujisizcd pt*r*m s, 58 




V ACUL'M pumps, ro8 

N'anadutc ot#ummonia, 32 
VaniHov, 2 
Vitri«, 127 
Vulcanite, loS 


\Y/A»RKN rotaiy furnace, 193 
W Washing drum, 17 

— engine, 17 

— csparA. 4J^49 

— - rags, 17 

straw, y* 

-- wood, 39 
Wash-roll, 109 
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Water, hard, ^ testing/ for 
zoi' ■ 

• Water-mailuns, I'jy 
Wall anfl r>iiige>s‘s proi'css, 33 

yfjix\, 15c « 

Webs,, making, 126 
W'ciglilft and measures ol mrlik 
syslfin, 214 
Wei jik'kjng. 17 
■^irc, length ol. 105 
Woftd, acid Ircatnu nt of, 31 
librc.s, characlciislics of, 5, 7 

— ll.ne, 43 

— pulp, ci* *mical, 5, 7, 58; me- 

^cbumc<d, * 

— soda, 33 

' — sulpi)ati.,^6^ 


Wood, 

Woods, composition of d 3 
Wdndcr and XngKr's ''expari- 
'mrnts with rags 12 
Wiirstci's thp(»fy ot sizing, 80 


Y AU' an evaporator,' 

Vell«»\v-\vovc, making, 102 
Vield of‘ clhilose from espartOj 
^4: sit aw, 51; wood, 3;, 35 ' 


Z L'ni.KR’anA W’tlrstcr’s cs- 
pi-iimcnts wi'h 12 


IZINDOK: URtNTEO IV Wt1.LIAM CLOWES AND SOWS, W^ITBu,. 

OI KE STREET, STfMFORlJ sWeET, S.E. 1, AtlW CkwAT^MNUNlw/jilTWl.^ 






